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N the firſt and ſecond Diſſertations of 
this volume, I acquit in part the promiſe 

I had long fince made in my Praßbectus con- 
cerning Animal Re-produftions. In that piece 
I gave intimation of tny diſcovery of the 
pre-exiſtence of the germ in one ſpecies of 
frog. This diſcovery is related at length in 
the firſt diſſertation. That ſo long a ſpace 
of time has elapſed fince the obſervation was 
made, I confider as a very fortunate circùm- 
Nance; for, having examined other animals, 
and having found that the ſame thing is true 
of them, I have till ſtronger reaſon for pre- 
ſuming, that the exiſtence of the germ in the 
female before fecundation, is one of the moſt 
general laws of nature. While we are in 
queſt of one truth, it generally happens that 
others offer themfelves as it were ſpontane- 
ouſly. Accordingly I have been led by the 
obſervations, which ſhew tas pre-exiſtence 
Vor. II. . 5.2 e - 
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of the germ, to diſcover that an order of ani- 


mals, conſidered by naturaliſts as oviparous, 
is in reality viviparous. 

The ſubject of my ſecond diflertation is the 
artificial fecundation of various animals, of 
which the firft lines may be feen in the fame 
proſpectus. This was accompliſhed by means 
of ſemen taken from them; and thus I have 
fucceeded as well, as if the male himſelf had 
performed his function. 

The cloſe analogy between. animals 1 
ee e induced me to enquire, whether 
the embryos of plants exiſt in like manner in 
the ovarium before fecundation. From the 
third diſſertation it will appear that this is 
really the caſe. Theſe enquiries have alſo 
convinced me, that the fecundating duſt is not 
ſo abſolutely. neceffary as nn in general 
luppoſe. 

“The ame andlogy 1 8 to "I 5 
ed me to attempt the artificial fecundation of 
plants; for, though ſeveral have undertaken 
tach experiments, and fucceeded in them, 1 
know not whether any one has done this with 
truly philoſophical views, and in order to 
diſcover the manner of this wonderful ope- 
ration. To confeſs the truth, I would not 
have avoided this . taſk, if engagements of 
another nature had not prevented me. I have, 
however, exhorted others to undertake it, and 

at 


FF 

at the ſame time have propoſed ſome views 
that may ſhew the way to ſucceſs. | 
It is ſaid by many, that fecundation is 

among the myſteries of nature; and, like 
many of her operations, an object of admira- 
tion, rather than of enquiry. Such an opi- 
nion is highly agreeable to the idleneſs of 
man. In times paſt, I acknowledge that ge- | 
neration, both in animals and plants, was in- 
volved in darkneſs, impenetrable to the hu- 
man eye; but, ſince the appearance of Haller 
and Bonnet, this gloom has been rendered 
much leſs thick. I am very far from thinking 
that I have diſſipated it entirely, yet I would 
fain hope that, by my means, it has been 
ſomewhat cleared, and that a light, leſs feeble 
and uncertain, now ſhines through it. The 
following diſſertations will enable the learn- 
ed reader to judge whether this opinion: is 
well founded, or merely the 9 „ 
ſcli-Jove. 
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CERTAIN ANIMALS. 


2-4 AE hs 
GENERATION OF THE GREEN FROG. - 


4 HUS I chuſe to denominate the 
frog in queſtion, from the green 
hue of the upper part of its body, and from 
its living in water, particularly in puddles 
and ditches, whereas other ſpecies live on 
dry land and trees ; but of theſe laſt I ſhall 
have occaſion to ſpeak afterwards. 
II. The head of the male is furniſhed 
with two membranous veſicles, which ſwell 
very much when the animal croaks. - The 
great toe of the fore foot has a fleſhy promi- 
nence, which becomes very perce tible at the 
ſeaſon of their amours : the female is deſtitute 
of theſe parts, and has the back and thighs 
marked with black ſpots, which are ſeldom 
viſible in the male. | 
| B 3 III. 
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III. This ſpecies is not to be confounded 
with that called by Roeſel rana viridis aqua 
rica. A glance of his beautiful coloured fi- 
gures, will be ſuffieient to ſhew that they are 
totally diſtinct. His exceeds all other Fs 


in fize; mine is the ſmalleſt of all, and is 


ſcarte + fo large as Roefel's; beſides his has 
three yellow ſtripes on the back and ſides, 
which in mine are totally wanting (a), 
IV. The amours begin in April, and end 
ix May; they are, however, influenced by 
the temperature of the atmoſphere; during 
their continuance the males maintain an in- 
ceſſant croaking. In autumn and winter the 
immature eggs lie all in the ovarium, which 
is divided into two lobes; theſe lobes conſiſt 
of leſſer lobes, each of which is inveſted 
with a peculiar membrane; The eggs are of 
two ſizes; ſome very ſmall, ſo as to be ſcarce 


vifible by the naked eye; others ſeven or 


eight times larger ; both kinds are globular. 
The ſmaller are of a livid grey colour ; of 
the larger one hemiſphere is 155 and the 
other black. The flighteſt touch is ſufficient 
to burſt them, after which they are reſolved 
into a cineritious viſcid liquor. : 
V. The ovarium of this, as well as many 
other ſpecies, appears to be externally cover- 
* black points, which have been the 
fource of a memorable miſtake ; for Valliſ- 
neri (5), and other celebrated naturaliſts, have 


(a) This effential difference was ſtill more apparent 
when I came to compare mine with ſome of Roeſel's, 
brought me by the fiſhermen. | | 

(5) Opere filico-mediche. T. 1. Offervazioni intor- 


ſuppoſed 


nc le rane. 
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ſuppoſed them to be the rudiments of the 

tadpole. The error aroſe from their being 

contented with firſt ap | * and ſearch- 
8 


ing no further; for the ſpots lying clole to 
he eggs, might eaſily induce the obſerver to 
believe that they form part of them, and are 
therefore ſo many fetuſſes. But the matter 
is cleared up by the following experiments: 
1. When the common membrane is removed, 
theſe points {till adhere to it. 2. And if the 
eggs are inſpected one by one, bath externally 
and internally, no veſtige of this black ſpot 
can be perceived. If the membrane of the 
ovarium be examined by the microſcope, it 
will then be ſeen that theſe points are black 
ſpots of an irregular ſhape. They are not 
_ peculiar to this membrane, for ny are found 

in the area of. the meſentery, and upon the 


art. 4 
VI. If the 15 be again examined in 


ſpring, we ſhall {till find them in the ova- 
rium, but conſiderably enlarged ; {thoſe I 
mean of the larger ſize, IV). and they will 
be found to be mature, when the male is 
coupled with the female. The copulation or 
this ſpecies is juſt like that of thoſe obſerve 

by Swammerdam and Roeſel (a). The male 
RE upon the back of the female, and 
paſſing his fore legs under her axillæ, brings 
them to meet upon the breaſt, and there claſp- 
ing his fingers, holds her cloſe, till ſhe has 
diſcharged all her eggs. The duration of 
this proceſs is me proportional to the 


warmth of the atmoſphere. When this is 
conſiderable, the female will be free in five 


(4) Biblia Naturz. Hiſt. Nat. Ranar, | 


* or 
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or ſix days; but in a cold ſeaſon, the em- 
braces of the male continue for eight'or nine 
days. This I learned by putting frogs in 
large veſſels full of water, when their amours 
were about to commence, and confining 
them till they had brought forth their eggs. 
And, although Valliſneri afferts, ' upon the 
authority of a ſingle experiment, that 'frogs 


do not bring forth in cloſe veſſels, it is cer- 


tain that numberleſs facts prove the contrary, 
as I, and, before: me, Swammerdam and Roe- 
JJ © IST a+ 9892 
VII. It is true, as he aſſerts in another 
place, that the female does not diſcharge her 
eggs when ſhe is kept conſtantly ſeparate 
from the male. I ſay conftantly; for it they 
be pulled aſunder when 455 eggs are deſcend- 
ed into the cavity of the uterns, they are diſ- 
charged, though the female is kept ſeparate, 
Büt they are nöt prafi fie 
VIII. If the ſituation of the eggs, at the 
time of copulation, be examined, during the 
firſt days they will be found in the 155 of 
the ovarium ; and, during the fuceeeding, 


partly in the ovarium, and partly in the ovi- 


ducts, and at laſt all in the uterus, except the 
ſmall ones, which remain attached to the 
ovarium. The eggs, when in the ovarium, 
are ſmaller than when in the oviducts and 
uterus. In theſe ſituations they are enve- 
loped with that viſcid tranſparent muci- 
lage, which is improperly called frog's 


Fed. 


IX. Of the various trials J have made, in 
order to aſcertain whether eggs taken from 
the ovarium, the oviducts, and the uterus, 
when the male is embracing the female, 

ö ö would 


Df rr 9 
would be prolific, I muſt own that not one 
has ſucceeded. As this is a point of extreme 
importance, I repeated my experiments to 
fatiety ; and in my journals I find, that I have 
opened one hundred and fifty-ſix females 
while they were embraced by the male, of 
not one of which did the eggs ever bring 
forth young, though I immediately placed 
them in water; whereas thoſe that Were ex- 
cluded ſpontaneouſly by the female, were 
all prolific. I have even taken further pains. 
The diſcharge of eggs laſts about an hour; 
during this proceſs r Killed a female, and put 
the eggs that remained in the body in the 
water into which thoſe diſcharged by the 
animal fell ; but the latter produced tadpoles, 
while the former hecame an offenſive putrid 
maſs. From theſe facts I concluded, that the 
fecundation of the eggs does not take place 
within, but Without oh body ; whence it 
appears how far Linnzus was miſtaken, when 
he pronounced, in his uſual deciſive tone, 
Nullam in rerum natura, in ullo vivente 
corpore fieri fecundationem vel ovi impreg- 
nationem extra corpus matris (aa) 
X. Hence we likewiſe ſee the falſchood of 
the ſtrange opinion of profeffor Menzius, 
who ſuppoſed that, while the male embraces 
the female ſa cloſel , the ſeed 1s emitted from 
the fleſhy prominence of the toe, and paſſing 
through many windings unknown to us, pe- 
netrates into the thorax, and there impreg- 
nates the eggs (5), — a ok 

(a) See Artedis Ichthyolggy, part ii. p. 32. 
(5) Genepatio wage Jo; in rana con ſpicua. De. 
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XI. But if in this ſpecies fecundation 
takes place out of the body of the female, 
ſhall we ſuppoſe that the male ejects ſemen 
upon the eggs as they are diſcharged (a)? 

"his, with reſpe& to other ſpecies, is the 
opinion of Swammerdam, and adopted. by 
Roeſel; though he afterwards ſays, that he can- 
not determine whether the eggs in the uterus 
are impregnated by the ſemen out of the body. 
To clear up this point, I have paid unremit- 
ting attention to every phænomenon. As 
ſoon as the eggs begin to be diſcharged, the 
agitation of the female is extreme; ſhe darts 
backwards and forwards, riſes towards the 
ſurface of the water, and then ſinks, keeping 
the hind legs conſtantly ſtretched out, an 
croaking in a low voice. The male, that 


keeps his hind legs cloſe to his body, throws 


himſelf into ſtrange contortions, and accom- 
panies the croaking of the female with a kind 


of interrupted noiſe, which I cannot expreſs 


by words. I moreover obſerved, that an ob- 
tuſe tumid point, which I ſuſpected to be the 

nis, was <clongated, and now and then 

rought- towards the eggs neareſt the vent ; 
but I could not perceive any emiſſion from 
this ſuppofed penis. The ſemen, however, 
might be in ſuch imall quantity, or ſo tranſ- 
parent, as not to be viſible. _— 

XII. To determane the queſtion, I placed 


ſome couples, of which the female was be- 


ginning to diſcharge her eggs, in empty 


veſſels. As I knew that in theſe amphibious 


animals fecundation always takes place in 


(a) In the frog, toad, newt, and ſeveral other animals, 
the eggs are diſcharged at the extremity of the alimentary 


canal. 
8 S L water, 


water, my hopes from this expedient were not 
very ſanguine; but fortune was more propiti- 
ous than I could have expected. The male is 
ſo much attached to the female, that, not- 
withſtanding he is taken out of his natural 
element, he perſiſts in performing his office. 
I now ſaw that there ſpirted a ſmall jet of 
limpid liquor from the tumid point in 
the vicinity of the anus, upon the eggs 
hanging out at the vent of the female. 
This phenomenon took place only at in- 
tervals, the female from time to time diſ- 
continuing the diſcharge of eggs, and the 
male the emiſſion of ſemen. I was an eye - 
witneſs of this curious ſcene in ſeven cou- 
ples of frogs ſet in the dry; it did not en- 
tirely ceaſe, till all the eggs were expelled 
from the uterus. The eggs being afterwards 
put into water, and bringing forth young, 
hefitated not to ſuppoſe, that the liquor 
emitted by the male was real ſemen; as I 
afterwards found, by diſcovering it in the 
veſiculæ ſeminales, and that the point was 
the penis. | . 
| XIII. The abbe Nollet, alluding in a let- 
ter dated nine years ago, to the hint in my 
proſpectus, of my diſcovery of the exiſtence 
of the tadpole before fecundation, expreſſes 
himſelf in this manner: What you fay of 
the exiſtence of the tadpole, before we can 
2 any act of fecundation, has particu- 
arly ſtruck me. About thirty years ago, Mr. 
Reaumur and myſelf made many reſearches 
relative to this ſubject. We attended for 
weeks very diligently and patiently, to what 
panel while the male embraced the female. 
I remember putting breeches of waxed taf- 


fety 


1 


4 


FPV 
fety on the male, and watching a long time, 
without perceiving any appearance that de- 
noted an act of fecundation t. 3 
I will not here ſtop to enquire by what 
fatality it happened, that two naturaliſts, ſo 
intelligent and attentive, failed in their en- 
quiries. The idea of the breeches, however 
whimſical and ridiculous it may appear, did 
not diſpleaſe me, and I reſolved to put it in 
practice. The males, notwithſtanding this 
incumbrance, ſeek the females with equal 
eagerneſs, and perform, as well as they can, 
the act of generation; but the event is ſuch 
as may be expected : the eggs are never pro- 
lific, for want of having been bedewed with 
ſemen, which ſometimes! may be ſeen in the 
breeches in the form of drops. That theſe 
drops are real ſeed, appeared clearly from the 
artificial fecundation that was obtained by 
means of them (a). E n 
XIV. Having diſcovered every thing re- 

lative to the ſituation and manner of impreg- 
nation, my next buſineſs was to obſerve the 
eggs, till the young animal ſhould appear. 
The eggs lie in the centre of a white muci- 
lage, which confiſts of tranſparent ſpherical 
maſſes connected together. Round the egg 
are two concentrical membranes, of which 
the innermoſt, when pierced with a needle, 
diſcharges a fluid as Iimpid as water. The 
egg 1s round, and has a ſmooth ſurface, of 
which one hemiſphere is black, and the other 
white. This is ſeen at Fag. 1. Plate I. 
Ne III. ſhews fifteen eggs, with their mu- 
cilage; each lies in the midſt of a circle, 


| | (a) See Diſſertation VIII. 
| made 


DISSERTATION 
made by theſe membranes. To ſee the other 


membrane clearly, the gluten muſt be mag- 
nified as at N' II. C is the external, B thi 
internal membrane, and D the gluten. . 
XV. When the hot ſeaſon is far advanced, 
the obſerver ſoon perceives the lineaments of 
the tadpole. The egg grows for ſome hours 
without loſing its round ſhape, it is next e- 
longated ; the white hemiſphere' becomes 
darker, and the black changes into a longi- 
tudinal furrow, terminated by two perpendi- 
cular proceſſes. And as it increaſes as well 
in bulk as length, the internal circular mem- 
brane is dilated, and contains more fluid. 
Compare N? I. fig. 2. with N II. fig. 1. 
By tracing thus the'progreſs of the evolu- 
tion, we come to perceive that theſe bodies 
are not eggs, as Naturaliſts ſuppoſe, but real 
tadpoles. The furrow and the proceſſes be- 
come longer; the ſuppoſed egg aſſumes a 
ointed figure; the whitiſh hemiſphere di- 
ates, and the black is incurvated. The 


pointed part appears to be the tail of the tad- 


pole, and the other the body. Further, the 
oppoſite end takes on the appearance of the 


head, in the fore part of which the form of 


the eyes is viſible, though they are yet cloſed. 
The two proceſſes alſo, by which the animal 
faſtens himſelf to bodies, however ſmooth, 
when it is tired of ſwimming, become evi- 
dent as likewiſe the veſtige of the aperture 
1 of mouth, and the rudiments of the 
2 XVI. At firſt the tadpole does not ſhew 
any figns of animation, when touched with 


a needle; or ſuddenly expoſed to the rays of © 


the fun, even when concentrated in the tocus 


* of 


the firft day after the anim 


| 
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of a lens, he does not become ſenſible to 
theſe impreſſions, till his organs are further 
unfolded: he then gradually begins to move 


and looſen his fetters: at this time it appears 


clearly, that the internal circular membrane 
is the amnios, in the liquor of which the 
tadpole floats; the umbilical chord at laſt is 
ſeen, and becomes ſtill more perceptible, 
| Bi has quit- 
ted his confinement. The cord is not, as in 
other animals, attached to the belly, but 
to the region of the head. A tadpole at the 
beginning of its evolution, is repreſented at 
N* TH. fig. 2. and N* I. fig. N in which at 
9 bent the little gills. At N' II. fig. 3: 1s 
a tadpole, magnifted with its back turned to- 
wards the obſerver. In that at N III. fig. 
3. and thoſe fig. 4. is ſeen the veſtige of the 
eyes, and the umbilical cord coming out 
from below the mouth. : TT. 
XVII. The reader will probably be ſur- 
rized at this deſcription, whence it appears, 
that the tadpole does not come out of the 
egg, but that the egg is tranſmuted into a 
tadpole; or, to ſpeak . 
that the egg is nothing but the tadpole wrap- 
ed up and concentrated: in conſequence of 
ecundation it is evolved, and aſſumes the 
lineaments of an animal. Theſe phznomena 


were new and unexpected, for I was firmly 


e that the globules of two colours, 
urrounded by mucus, were real eggs; all who 


have written concerning the generation of 
frogs, as SLRs. Valiſneri, and Roeſel, 


having ſo denominated them. But as greater 


deference was due to what nature ſhewed me 
ſo plainly, than to the authority of the moſt 
ah ag celebrated 


DISSERTATION tm. 


celebrated writers, J am obliged to call thefe 
lobules tadpoles-or fetuſes inſtead of eggs; 
or it is improper to name any body an egg, 
which, however cloſely it i one, 
takes the fhape of an animal without leav- 
ing any ſhell, as is the caſe with all animals 
that come from an egg. | 
XVIII. But it was of importance to ex- 
amine by experiment theſe globules before 
fecundation, and while yet in. the uterus. 
Upon the, moſt rigorous and exact compari- 
ſon it appeared, that not only the ſpheres of 
mucus exactly reſemble each other in fize and 
nature, and the two membranes with refpe& 
to their poſition, ſhape, and colour, but that 
the unimpregnated_ globules are not by any 
means diſtinguiſhable. from the impregnated 
ones. Upon ſeparating the mucus and the 
two thebeats. they appear to be alike ſpot- 
ted with white and black, which colours. 
remain in ſome meaſure when the evolution 
of the tadpole is complete. The perfect fi- 
militude, as well external as internal, 1s very 
ſtriking. If a globule be pierced with a 
needle, either before or after fecundation, a 
ſemifluid yellowiſh white fubſtance oozes 
out: if the aperture be enlarged, the whole 
internal capacity appears to be flted with this 
matter, which loſes its fluidity as the tadpole 
is evolved, every day acquiring greater con- 
fiſtence. If the globules before or a little 
after they come out of the uterus be put into 
fpirit of wine or vinegar, or be boiled, and 
thin ſtripped of their pellicles, we ſhall find 
ſo many indurated maſſes, which when cut. 
through appear to be homogeneous. If. we 
next proceed to examine the external Pap. 


8 
_ 
[i 
. 2 
n 
"4 
| 
ö ? 
3 
z + 


—4 ee e e . 2 
{0 = 4 5 
2 a4 G Fc 
4 od 


OO I TIOY 
* 7 
i 


: x6 DI 88 E R ATI 0 N I. 3 


the 2 before fecundation is thin and 


tranſparent, which properties it retains. After- 
Wards, indeed, as the tadpole is evolved, it 


enlarges and thickens juſt as the ſkin of other 
animals grows with their growth. As the 
pellicle is made to adhere to the inſide of the 
globule by heat or vinegar, ſo it continues 
to adhere after fecundation; and it adheres 


more and more firmly as the globules loſe 


their ſhape, and acquire that of the tadpole. 
XIX. Hence the identity between the im- 
pregnated and unimpregnated globules is 
manifeſt. But the former are nothing but 
fetuſes of the frog, therefore the latter muſt 
be ſo too, and conſequently the fetus exiſts 
in this ſpecies before the male performs the 
office of fecundation. By this we are led to 
other conſequences of no leſs importance. 
1. As theſe ſuppoſed eggs exiſted in the ova- 
rium before their deſcent through the oviducts 
into the uterus, and long before fecundation 
(IV, VIII), the fetus exiſted in the mother's 
body long before fecundation. 2. Although 
the evolution of theſe fetuſes is never ſo con- 
fiderable and quick, as after fecundation, it 
is, however, remarkable before; for let it be 
confidered, that the fetuſes in the uterus are 
above ſixty times larger than they were a year 
before, when they adhered to the ovarium, as 
I have found by comparing them. 3. Beſides 


the fetus, the amnios and umbilical cord 


exiſt before fecundation. 
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GENERATION OF THE TREE-FROG, 
XX. IN this and the following chapters, I 
| ſhall be brief, and ſhall only, to ren- 
der the hiſtory of theſe animals, defcribed in 
them; more compleat, make a few additions 
to Roeſel's account, and notice ſome miſtakes 
into which he has fallen. | 335 
The tree- frog is of very ſmall ſize. The 
back 1s of a very beautiful green colour. 
viſcid juice; that oozes out from its feet, enables 
it to faſten itſelf to the ſmootheſt bodies. Du- 
ring the fine ſeaſon, it fixes its abode upon 
trees, except in the ſpring, when it deſcends 
into ſtagnant water, in order to propagate 
the ſpecies. | | Y 
XXI. Though the male mounts upon the 
back of the female, and embraces her very 
cloſely, he does not, like the green aquatic 
frog, throw his arms round her thorax,” but 
faſtens his hands under her axille. Hence the 
females eſcape thoſe accidents that happen to 
the females of other ſpecies, which are often 
killed before parturition, by the violent 
{training of the male, as appears from the 
contuſions and lacerations upon the breaſt. 
XXII. The copulation of this ſpecies con- 
tinues ſometimes, according to Roeſel, three 
whole days, though at others it is finiſhed 
in one day. Thoſe which I obſerved did not 
continue together more than a few hours. 
This difference I attribute to the warmer 
YOL AE © C temperature 
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temperature of our climate, which occaſions 
more ſpeedy parturition. y 

XXIII. The ſame naturaliſt obſerves, that 
during copulation, the female plunges at in- 
tervals into the water, and remains immerſed 
ſome time: during which, the male approxi- 
mates the extremity of his body to that of 
the body of the female, and that this motion 
is always performed with greater briſkneſs, 
while the eggs are coming forth. He con- 
feſſes that he could never, with all his atten- 
tion, perceive the part that characteriſes the 
male, nor any liquor emitted for the fecun- 
dation of the eggs. 

XXIV. Though I could never diſcover 
any protuberance or papilla, which I could 
fuppoſe to be the penis, yet by taking the 
animals out of water (XII), I have been 
able to throw further light on this intereſting 
topic. I obſerved, that about half an hour 
before any eggs are diſcharged, the ardour 
of the male became extreme. He would 
frequently, ſtretch out the poſterior part of 
his body, and then bring it into contact with 
that of the female. He would then remove 
it, and ſoon apply it again. Thefe motions 
became more Moti when the eggs began 
to be diſcharged: and continued as long as 
they continued to be brought forth. 

XXV. During this proceſs, I could not 
prey any emiſſion of ſemen; but upon 

ifting up the hind part of the male, I faw 
a tranfparent liquor ejected from the anus 
at intervals, which I readily concluded to be 
the ſemen. When I made uſe of the breeches 
(XIII), the eggs never produced tadpoles : 
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and the breeches were wetted with ſemen 
as before (XIII). e 
XXVI. Are the eggs in this ſpecies alſo 
impregnated only after they are diſcharged? 
I obſerved a flight variation in the preſent” 
caſe. The eggs of the uterus neareſt the 
anus, are ſometimes impregnated before they 
are diſcharged. But the ſingularity of the 
phenomenon requires that I ſhould be a little 
more explicit. Roeſel truly obſerves, that 
in the female of this ſpecies, the eggs de- 
ſcend into the uterus before the is embraced” 
by the male: if they are now taken out, and 
ſet in water, they all putrefy. This alſo 
happens if they are taken out after they are 
coupled, but before the female has begun to 
dic any eggs. But when the diſcharge 
has commenced, if the female be opened, and 
the eggs of the uterus, and thoſe near the vent, 
is put into ſeparate veſſels of water, ſeveral of 
the latter will ſometimes be found to be produc- 
tive, whereas all the former will ſpoil. This is a 
clear proof, that the ſemen ſometimes pene- 
trates a little way into the body, whether it 
is projected ſo far by the male, or rather 
whether the eggs already fecundated, after 
their diſcharge, are ſometimes retracted, when 
the female is unexpectedly ſeized by the ob- 
ſerver, and ceaſes to expel any more. 
XXVII. The eggs are ſmall in proportion 
to the fize of this ſpecies : one hemiſphere 
is yellow and the other black: when they 
are taken out of the oviducts or uterus, they 
are enveloped with gluten, which circum-- 
ſtance has unaccountably eſcaped the obſerva- 
tion of Roeſel, MET erts, that the gluten 
| by > 4 3 18 
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is not viſible till the eggs have been twelve 
hours in water. 
XXVIII. Every egg is ſurrounded by a 
ſphere of mucilage, as in No. I, II, III. of 
g. F. PL 1. The ſphere and egg undergo. 
the following changes in water. They in- 
creaſe in bulk, and at the fame time the lat 
ter is elongated, and preſſes againſt a circular 
membrane, which lies within the mucus 
and ſoon pierces it; as the elongation in- 
creaſes, the hole is enlarged, till at laſt the 
membrane is divided into two concave ſeg- 
ments: within which appears a ſecond circu- 
lar membrane, of much finer conſiſtence, 
and of courſe leſs apt to ſtrike the eye. This 
membrane, when it is broken, emits a quan- 
tity of liquor, and is no other than the am- 
nios of the tadpole, as afterwards more 
plainly appears. Meanwhile the two feg- 
ments ſeparate entirely, or at leaſt cohere but 
at a few points, and part from the amnios 
without growing any more; but the amnios 
becomes thacker, and many times larger than 
it was at firſt; as alſo does the egg, on the 
"eds of which depends that of the mem- 
Trane. |, The gradual enlargement is as fol- 
lows : | | 
XXIX. When it has become ſomewhat 
longer and bigger, one extremity thickens, 
and the other becomes thinner. While the 
obſerver is intent on theſe changes, he 
is ſurprized with the motion of the egg; 
it ſometimes turns round, now and then 
writhes itſelf, ſometimes it brings together 
its two extremities, and then ſtretches itſelf 
and returns to its original poſition. To theſe. 
unexpected appearances another equally unex- 
| pected 
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pected ſucceeds : from the larger end two pro- 
ceſſes ſprout and ſuggeſt the idea of the pro- 
tuberances, by means of which the tadpole 
attaches itſelf to bodies FRED above theſe ap- 
pear two tumours, which recall to the memory 
the ſhape of eyes; they appear diſtinctly in a 
day or two, and it then becomes neceſſary to 
ſubſtitute the notion of a tadpole in the place 
of that of an egg. Let the reader caſt his 
eye on No. IV. Fig. 5. and he will ſee a 
ſphere of mucus, the incloſed membrane and 
the tadpole not yet eyolved, No. I, II, III. 
Fig. 6. repreſents the membrane dividing into 
two ſegments, which when they are entirely 
parted, leave the tadpole No. IV. at liberty, 
which appears bent No. VI. Meanwhile 
the amnios is ſeen in the dotted circle I. full 
of liquor, in which the tadpole floats, . The 
two ſegments are {till plainer at Fig. 7. where 
two amnioſes are ſeen diſtinctly, one of which 


is entirely ſeparated from the ſegments. 


XXX. But do theſe tadpoles exiſt before 
fecundation as in the foregoing ſpecies? To 
determine this queſtion, I had only tomakea 
rigorous compariſon between the ſuppoſed 
eggs, after and before impregnation, and I 
analyſed them in the ſame exact and careful 
manner as I had others (XVIII), and found the 
moſt perfect reſemblance between them; 
whence it was neceſſary to conclude, that the 
fetus exiſts in the female of this ſpecies 
alſo before impregnation. | | 

XXXI. Theſe fetuſes are further evolved, 
though ſtill incloſed in the amnios, where they 
continue longer than thoſe of the green 
aquatic frog; the time is commonly fix or 

| + * ſeven 
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ſeven days; then the rudiments of the gills 
begin to ſhoot. At firit they ſwim ſlowly, 
but as their limbs acquire greater ſtrength 
and vigour, their motions become briſker. 
Fig. 8. 4 oat two tadpoles at the time of 


quitting the amnios, magnified by the microſ- 
cope: their gills are ſeen at A A. | 
XXII. Upon comparing theſe obſerva- 
tions with thoſe of Roeſel, I cannot but diſ- 
ſent from him. The ſum of what he ſays 
on the generation of the tadpoles of the tree- 
frog is as follows. | | 
' XXXII. At firſt the impregnated eggs 
grow in bulk only; then the tadpoles, which 
now ſeem to conſiſt chiefly of belly, though 
the head and tail may be clearly diſcerned, ap- 
pear diſtinctly. Every tadpole floats in the 
white (the mucilage that ſurrounds it 
XXVIII). The belly is formed by the yolk, 
ſo the author calls that which is generally 
denominated the egg. At the tail appears a 
veſicle, and afterwards another (from his 
figures. theſe {em to be the two ſegments 
XXVIII); theſe veſicles then ſeparate, and 
one remains at the head and the other at the 
tail. Roeſel conjectures, that the tadpole 
now endowed with motion and life, takes its 
nouriſhment from the veſicle at its head, but 
he confeſſes that he does not know the uſe of 
the other. F bn TOW to phy 
XXXIV. Though it is true, that the tad- 
ole has at firit a large belly, it is falſe, or at 
leaſt a very improper expreſſion to ſay, that 
the belly is chiefly formed of the yolk, ſince 
the Fol is the animal itſelf (XXIX); it 
would not be leſs abſurd to ſay, that 8 


belly 


* 
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5 3 of an animal conſiſts of the animal it- 
fel. Sv 17 50 

XXXV. The deſcription of the appear- 
ance of the two veſicles, ſhews that he did 
not make his obſervation with ſufficient dili- 
gence: he probably made it at intervals; 
otherwiſe he muſt have perceived that they 
were originally a ſphere, which is divided in- 
to two ſegments by the efforts of the tad- 
pole; conſequently they did not appear one 
after the other, but both exiſted at the ſame 
time (XX VIII. 

XXXVI. If he had taken them up with a 
forceps, he would have found, that they 
cannot be ſuppoſed to nouriſh the tadpole, 
for as ſoon as they appear, which is when 
the ſphere is divided, they may be removed 
_v-ithout injury to the young animal. 

XXXVII. The part really neceſſary to this 
animal, and of which the removal is fatal, 
is the amnios, within the liquor of which 

it at firſt floats (XXVIII, XXX1). As Roeſel 
does not mention the amnios, it muſt have 
been unknown to him; and although this 
membrane is found in every ſpecies of frog and 
toad, not the leaſt mention is made of it in 
his hiſtory; this circumſtance the more ſur- 
prized me, fince it did not eſcape the dili- 
gence of Swammerdam, in whoſe footſteps 
the German naturaliſt profefles to tread. 

XXXVIIL He has, however, remarked 
an accident, which happens to tadpoles that 
die in the amnios, or as he expreſles it to 
eggs, that are not prolific: they become 
ſometimes pointed, ſometimes pear-ſhaped, 
ſometimes oblong, and at others narrow in 
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the middle, and ſo on. Four ſuch tadpoles 
are repreſented in Fig. 5. at ABC BD. 
XXXIX. The tadpoles of this ipecies re- 
quire great attention. They muſt be kept, 
not merely in clean water, but in that which 
is taken from the places where the males and 
females meet, as fron: ditches and puddles 
(XX). This precaution was not abſolutely 
neceſſary for other frogs and toads; well 
water being ſufficient in theſe caſes. © * 


| CHAP. I. 


GENERATION OF THE TOAD,DENOMINAT=- 
ED BY ROESEL, BUFO |, TERRESTRIS 
DORSO TUBERCULIS EXASPERATO, 
SCULIS RUBRIS. OY 5 


XL. HOUGH Roeſel mentions but 
— one ſpecies of this ugly and diſ- 
guſting animal, I incline to believe, that in 
this country there are two; this opinion is 
founded on a difference in the external con- 
figuration; not to mention a difference in co- 
lour, ſome having their backs and ſides of a 
light cineritious hue, with tubercles of a tan 
colour, and others of a pale green, with tu- 
bercles of a dark red. But notwithſtanding 
this difference, I ſhail 17 852 of them as one 
1 gd for in what relates to generation, 
ere is 8 ol ae. 
F | XLI. 
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XLI. Of the whole claſs of frogs and toads 
with which I am acquainted, none begin- 
their amours ſo ſoon as the ſpecies in queſ- 
tion: they are found coupled in the begin- 
ning of March, and ſometimes in February, 
before all the ſnow 1s melted, and while the 
water in many places is yet covered with ice. 
The male being about five times ſmaller than 
the female, cannot nearly bring the toes of his 
fore feet to meet over the breaſt, acircumſtance _ 
before noticed in the green water-frog (VT). 
He, however, holds her ſo faſt, that ſhe can 
by no means diſengage herſelf from his em- 
braces. The females have often got out of 
the veſſels in which I kept them, and eſcaped 
to a conſiderable diſtance, but the males itill 
kept their ſituation. _ 2 | 
NLIL The eggs; as well as in toads as 
frogs, lie at firſt in the great facs of the ova- 
ria, whence they get firit into the oviducts, 
and then into the uterus. In which of theſe 
three fituations are they in the female toad 
with red eyes, and dorſal tubercles, at the be- 
ginning of her amours? TI have found that 
they are indeed in the ovaria, but ready tq 
paſs into the oviducts. Copulation laſts 
till they are diſcharged, which happens in 
ten, twelve, or fourteen, and ſometimes 
twenty days, if the ſeaſon be cold. Such is 
the ardour of the males, that after the diſ- 
charge is finiſhed, and they have quitted the 
female, they will return to her again, and 


embrace her for ſeveral hours. This, how- 


ever, is not peculiar to toads. I have often 
ſeen 1t happen in frogs. „ ; 
1 The male, during the whole time, 
makes a kind of grunting noiſe, which 1 
44 ö e a never 
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never heard except at the ſeaſon of his a- 
mours. This noiſe becomes louder, when- 
ever attempts are made to pull him away, or 
when any other tcad comes near ; which he 
moreover obſerves with a jealous eye, and 
endeavours to drive away by throwing out his 
hind legs. ld : 
XLIV. If the belly of the female be at- 
tentively obſerved after ſeveral days of copu- 
lation, it will be ſeen to move in a very ex- 
traordinary manner: it ſometimes dilates to- 
wards the breaſt, which dilatation paſſes gra- 
dually downwards; at others the dilatation 


begins at the bottom of the belly, and pro- 


ceeds upwards. During thele agitations, the 
female, now about to bring forth, evidently 
ſuffers confiderable pain, probably on account 
of excluſion of the eggs from the ovaria, 
and their paſſage through the windings of 
the oviducts, and into the large cavity of the 
uterus ; for the two laſt menticned places will 
be found to contain eggs, if the female be 
opened during theſe alternate ſwellings. 
XLV. In frogs the eggs are ſoon diſ- 
charged ; but in toads this 1s a very tedious 
proceſs. Two cords, conſiſting of a viſcid 
tranſparent matter, and containing a num- 


ber of black globules, which are the eggs 


come out from the vent, and are excluded 
ſo flowly, that the eye cannot diſtinguiſh 
any movement in them; but in a few hours 
they meaſure ſeveral feet. 

Theſe cords, conſiſting of eggs and gluten, 
certainly receive their form in the oviducts, as 
in a preſs; Which may be ſeen upon opening the 
female, as ſoon as they have advanced alittle way 
into thoſe canals. The time requiſite for the 
F diſcharge 
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diſcharge is quite uncertain; the longeft I 
have obſerved was finiſhed in thirty, and the 
ſhorteſt in nine hours; it laits generally above 
twelve. A piece of theſe cords is repreſented 
at Fig. 9. Plate II. Fig. 10. ſhews a ſmaller 


portion magnified. 
XLVI. Two entire cords meaſured forty- 
three Paris feet ; the number of eggs amount- 
ed to one thouſand two hundred and ſeven: 
hence we cannot be ſurprized that the female, 
after the excluſion of the eggs, ſhould be- 
come ſo much ſmaller. 4 3 

XLVII. Since the ardour of the males 
is ſo great, that they do not abandon the 
females, even when they make their eſ- 
cape (XLI), it was natural to ſuppoſe, that 
they would alſo continue their embraces 
when I removed them from the ſtagnant or 
ſlowly running waters, where they aſſemble 
towards the end of ſpring, in order to propa- 
gate the ſpecies (XLI). to a dry and confined 
place, where I could watch the manner in 
which fecundation takes place. I will re- 
late what I obſerved during many long and 
tedious inſpections. _ x 
XLVIII. As ſoon as the female begins to 
_ diſcharge the mucous cords, the male, that 
before lay cloſe and collected, ſpreads him- 
ſelf, and ſtretches his hind legs backwards 
towards thoſe of the female, ſtill holding her 
breaſt cloſe with his fore legs. This change 
of poſture enables him to reach the cords 
with the extremity of his body, and to be- 
dew them with ſemen. $665 434% a bl 
XLIX. And this is not done by a forcible 
emiſſion, but by ſimple contact; for Where 
ever the cord is touched, it appears juſt 
JC ˙Ürñ ß 88 | moiſtened, 
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/ x: po as if with a pencil dipped in ſome 
L. The male, after having repeated this 
many times, with various contortions, be- 
comes weary, collects his body, and draws 
his hind legs cloſe to his belly. Meanwhile 
a freſh portion of cord is diſcharged, and 
then the male reſumes his employment, and 
afterwards again returns to his repoſe. And 
thus he goes on, till all the eggs are im- 
pregnated. hs „ 

LI. That the act of fecundation conſiſts in 
this approximation of the extremity of the 
body to the eggs, and bedewing them, ap- 
pears from the following proofs: Firſt, if 
the female be killed while ſhe is diſcharging 
the eggs, of thoſe which lie in the uterus 
and oviducts, not one will be prolific, though 
they be kept in proper water ; whereas al- 
moiſt all the others that have been moiſtened 
with the ſeminal fluid, at their excluſion 
. from the vent, will grow. Secondly, If 
during the diſcharge the irroration ſhould 
be interrupted, either by means of breeches, 
(XIII). or by the near approach of the ob- 
ſerver, (for then the male through fear will 
bring his hind legs and thighs cloſe to his 
body) the portion of eggs then excluded will 
be barren, while the reſt will be found to 
have been fecundated. | 

EI. Theſe laſt facts clearly evince, that 
in theſe animals hkewiſe fecundation takes 
place without the body of the female. 
LIII. But may not the bodies, which have 
hitherto been called eggs, be tadpoles not 
yet unfolded ? and if fo, do they exiſt before 
1mpregnation, as in frogs (Chap. I. and II.)? 
F | | Theſe 
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Theſe problems were yet to be ſolved, and re- 


quired a ſhort analyſis of the eggs. 


LIV. They are black, and, to the naked 1 


eye, and even When a weak magnifier is uſed, 


appear to be globular (Fig. 9, 10. Plate II). 


when examined with a glaſs of greater power, 


they ſeem to be marked with four furrows, 
which interſect cach other at right angles, 


nearly like the huſk of a cheſtnut half open- 


ed, (Fig. II.): though the furrows are not 


bare, but covered with a very fine tranſpa- 


rent membrane, which paſſes very tight round 
the reſt of the egg. When this is taken 
away, we come to the ſkin of the egg; it is 
black, and is lacerated by the ſlighteſt touch; 


LEY 


as is alſo the inſide, which is almoſt fluid, of 
a brownith white colour, and apparently ho- 


mogeneous ; the particles appear globular, 


when obſerved by the microſcope. 


LV. Such is the form and compoſition, as 


far as the eye can diſcoyer it, both of the eggs 
that have been diſcharged and fecundated, 


and of thoſe that are taken from the uterus 


and ovaria; excepting, that the latter are deſti- 


tute of the mucous gluten, ſmaller, and not 


fo black. | 
LVI. Wherefore, if we rely upon the in- 


formation of the ſenſes, we muſt conclude, : 


that there is no eſſential difference between 
the impregnated and unimpregnatcd eggs. 


LVII. If we obſerve the changes produced 
in the former, as we have before done in 
frogs, we ſhall find that they are immature 
fetuſes, and exiſt before impregnation. They 
toon aſſume the form of thoſe little animals; 


firſt becoming thicker, then longer, and after- _ 
wards growing thin at one extremity, viz. 


the 
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the tail, and becoming round at the other; 
from which ſpring two appendixes, viz. the 
gills; and in theſe the circulation of the 
blood is very conſpicuous, as well as at the 
edge of the body. At Fig: 14. may be ſeen 
ſeveral of thoſe little bodies, lofing the ſhape 
of an egg, and aſſuming that of the tadyole ; 
they are further advanced at Fig. 15. Fig. 12. 
ſhews ſome of theſe corpuſcles, loſing in- 
deed the form of the egg, but not aſſuming 
that of the tadpole, and ſpoiling ; this ap- 
pears more at large at Fig. 13: theſe were 
never ſubjected to the influencè of the fecun- 
dating fluid. 5 
LVIII. While the tadpole is thus evolved, 
the thin membrane, of which we ſpoke at 
LIV. is enlarged in proportion; this mem- 


| brane is the amnios, and contains a liquor, 


in which the fetus is ſeen to float; it may be 
found in the uterus (LIV, LV). and there- 
fore exiſts before impregnation. 

LIX. Though the blood circulates in the 
fetus (LVII). and the heart muſt therefore 
beat, yet not the ſmalleſt motion can be 
excited, either by puncture, or any other 
mode of irritation ; it is not till the organs 
have acquired ſome confiſtence, that the ani- 
mal begins to move; in a few days after 
this period it burſts the amnios, and, ſwims 


about. . 
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GENERATION OF THE FETID TERRES=- 
TREFAL: TOAD. CE” 


1 HIS ſpecies, which does not much 
| exceed in fize the green aquatic frog, 

(IIT). agrees in ſome particulars with that 
denominated by Roeſel Bufo terriſtris fœti- 
dus, but differs in fo many others, that it 
muſt be reckoned a ſpecies totally diſtinct. 
They are both nearly of the fame ſize, and 
when irritated emit an offenſive ſmell ; they 
moreover agree in colour, (the belly being of 
a white, inclining to a green in both, and 
the back to yellow); if we except a liſt of a 
golden yellow colour, which, in the ſpecies 
of Roeſel, runs along the ſpine, but in mine 
does not appear. But the eſſential difference 
confiſts in the abſence of the web that con- 
nects the toes of ſo many other amphibious 
and aquatic animals befides frogs, fromh the 
ſpecies deſcribed by the German naturaliſt ; 
in that of which I am about to treat, it is 
very viſible, and of very great ſervice in ſwim- 
ming. The ſecond difference lies in the pro- 
greſſive motion upon dry ground, thoſe of 
Roeſel advancing without riſing from the 
ground; murzs inſtar is his phraſe ; whereas 
mine leap like frogs. Laſtly, a difference 
of ſpecies may be deduced from the differ- 
ence of the voice, which, in the former, is 
exactly hike that of the green tree-frog, and 
EF: | conſiſts 
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conſiſts of a loud ſcreaming, but in the latter 


is a kind of continued whiſtle. 


LXI. The female, in the two other ſpe- 


cies of terreſtrial toad, is five times as big as 


the male (XLI). But in this ſpecies the 
male is ſcarce one third ſmaller than the fe- 
male, when ſhe is about to exclude the eggs; 
afterwards they are nearly of the ſame fize. 
They alſo agree in colour; but the upper 
part of the body of the female is adorned 
with cineritious ſpots and liſts, from which 
ariſe ſome very beautiful red tubercules. 

EXII. Toads of this ſpecies live on dry 
ground all the year, except during the ſeaſon 
of copulation; at which time they repair to the 
water of pools, ponds, puddles, ditches ; 
never to rivers, torrents, or quick currents. 

LXIII. They repair to the water when 
the ſpring is pretty far advanced, in May, or 
at the beginning of June. Their amours laſt - 
above a month ; not that the male embraces 
the female ſo much longer than others, the 
contrary is rather true; but, during all this 
time, pairs may be found coupled; ſome be- 


ginning earlier, and others later, according 


as they are inſtigated by their internal feel- 
ings. The ſame thing happens in the two 
other ſpecies of toad, the aquatic and tree- 
frogs, fiſhes, and all animals that have a 
fixed ſeaſon for their amours. | =” 
LXIV. By comparing paragraph LXIII. 
with XLI. the reader will perceive the great 
difference of time at which the two other 
ſpecies of toad, and that which is the ſubject 
of this chapter, begin to propagate; whence 
we may infer, that Boy are naturally Rs 
E 


The former begin early in March, as ſoon as 
the rigour of winter is a little abated ; where- 
as the latter reqyires a warm temperature, 
If the weather ceny changes, the fœtid 
terreſtrial toad abandons the buſineſs of gene- 
ration, and retreats to dry ground. I was eye- 
witneſs of a ſingular fact which may be related 
on this occaſion. At the end of May, 1777, I 
perceived upon the ſurface of à large pool 

reat numbers of this ſpecies, ſome of Which 

ad diſcharged their eggs; others were di- 
charging them, and others were only juſt 
conn all were in motion, and ſo intent 
upon their employment, that they ſuffered. 
themſelves to be taken, without attempting 
to eſcape. The males, like the green aqua- 
tic frogs, claſped the breaſt of the females 
very tight with their fore feet, and W a 
low grunting noiſe, . not | unlike. that of 
the two other ſpecies (XLIII). The 1ſky 
was clear, and in the ſhade the mercury. 
ſtood at 16* (a), when an unexpected rain 
fell for two days, and cooling the air, diſ- 
perſed all the toads, ſo that when, I came on 
the ſecond day of the rain, to catch fome for 
my experiments, to my ſurprize I could not 
find one. I ſoon, however, was aware that 
they had quitted the water, to conceal them- 
ſelves in the crevices of a neighbouring wall, 
where they continued till the atmoſphere 
becoming warmer, invited them again to 
the pool. 

LXV. It is the opinion of many natvra- 
liſts, that the male toad embraces. the female 
for forty days; and ſome think that this is tue 

(a) Sixty-eight of Fahrenheit.” 


Vor It: | D eule 


„ Diss E NKHMATIUN I. 


caſe alſo with the frog (a). Having obſerved 
that, in like circumitances, the duration of 
copulation is inverſely as che heat of the at- 
moſphere, I can eaſily believe that this may 
be the caſe in cold countries. In temperate 
climates, as with us, it is far otherwiſe. 
The tree-frog embraces the female a few hours 
(XXII), the aquatic about a week (VI); the 
two former ſpecies of toad longer, on account 
of the early commencement of their amours. 
It will therefore eafily. be believed that, for 
a contrary reaſon, the embraces of the ſpecies 
in queſtion do not laſt long, four or five days 
for inſtance. PTR: 
Nothing can be more ſalacious than the 
male. He not only adheres moſt tenaciouſly 
to the female, but does not even quit her for 
ſome time after the excluſion of the eggs. 
If he is ſeparated by force, he returns to his 
ſituation immediately, though kept in a nar- 
row veflel, and under the eye of the ob- 
ſerver. 
LXVI. About the ſeaſon at which theſe 
animals meet, I procured a large quantity, 
and ſet them in veſſels almoſt full of water, a 
male and female in each veſſel. In ſome I 
put only a female. They were ſoon coupled, 
fome ſooner and others later. In two females 
that were opened twelve hours after the male 
had begun to embrace them, the eggs had 
not yet quitted the ovaria; in one that had been 
coupled two days and a half, the ſame phe- 
nomenon occurred. In another, that was 
opened at the end of the third day, ſome 
eggs had entered the oviducts, and thoſe 
neareſt the uterus were ſurrounded by mu- 
cus. Before the concluſion of the fourth 


% 


(a) Swammerdam Bibl. Naturz. 


day, 
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Hay, the eggs of two other females had all 
deſcended into the uterus, and were com- 
pletely ſurrounded by gluten. The ovaria 
now contained only ſmall and immature eggs. 
Theſe obſervations. were made upon females 
embraced by the male; though the ſolitary 
ones were kept for a fortnight; the eggs con- 
tinued in the ovaria. C0 N 

LXVII. While I was engaged in theſe ex- 
periments, a ſingular phænomenon occurred, 
which muſt not be paſſed over in ſilence. Of 
two females that were opened on the fourth 
day of copulation, I found the eggs of one 
in the abdomen, and of the other' partly in 
the abdomen, and partly in the thorax. This 
accident may eaſily be explained. The eggs 
were without gluten, and therefore could not 
have paſſed through the long windings of 
the oviducts, and had either never been taken 
into them, or the ovaria perhaps burſt, and 
hence they would fall both into the ſuperior 
and inferior cavity. Such a rupture may 
eaſily be conceived to happen, if we conſider 
the. preſſure made by the male againſt the 
region of the breaſt oppoſite the ovaria. 

LXVIII. I have already ſaid, that the eggs 
about to be excluded having paſſed through the 
canal, provided by Nature for that purpoſe, 
were found in the uterus on the fourth day 
(LXVI). In the greater part of thoſe that 
were confined in my veſſels, they began to 
make their appearance at the vent on the 
5th day in the m of cords, as in the other 
ipecies (XLV). Theſe cords continue to be 
very ſlowly expelled till the uterus is empty, 
which always happens before the ſeventh. 
day, Meanwhile the male brought the ex- 
D 2 tremity 
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tremity of his body towards them, from 
which iſſued a ſmall jet of liquor; this was 
the ſemen, as evidently appeared from thoſe 
ortions of cord that were iprinkled with it, 
8 forth tadpoles, Whereas the others 
ſpoil and turn putrid. In like manner the 
whole length of the cords produced nothing 
when the male was cloathed with breeches 
(XII), or parted from the female as ſoon as 
the eggs began to be excluded. _ 7 
LXIX. As the eggs that were not moiſt- 
enced with the ſeminal fluid after they were 
diſcharged, were unproductive (EXVIIT), I 
may confidently infer, that fecundation takes 
place without the body of the female. I have 
moreover trequently taken pieces of cord out 
of the uterus, and placed \ 4p in water, but 
never did I tee one egg productive; this 
obſervation is likewiſe applicable to the eggs 
that were deſcending through the long wind- 
ings of the oviducts. Hence might be in- 
ferred the phyſical impoflibility of the eggs 
which were thed in the cavities of the tho- 
rax and abdomen being prolitic (LXVII), as 
experiment deciſively proved. oy 
LXX. The cords, upon examination, ap- 
pear to conſiſt of an almoſt innumerable 1e- 
ries of eggs, each at a ſmall diſtance from 
the other: they are connected by gluten, 
which always encloſes the fetuſes of the frog 
and toad, and which is prepared in the cavi- 
ty of the oviducts, for in them the fetuſes, 
before naked, are inveſted.with it. The great 
reſemblance between. the phænomena ex- 
yes by the tadpoles that I am about to 
deſcribe, and by thoſe already deſcribed 
BY | (Chap. 
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( Chap. III), renders a reference to figures 


unnec eee TE | 

I was curious to know, whether the glu- 
ten is neceſſary to the growth of the egg, I 
therefore removed it entirely from ſome, and 


from others only in part, without injuring | 


the amnios, which in this as well as in other 
ſpecies of frogs and toads, is very conſpicu- 
ous. Thoſe which were quite {tripped of 


their gluten, never brought forth young, but 


the others, to which a portion was ſtill left 
adhering, were prolific. When the ammios 
began to ſpoil, it was a certain ſign, that 
the egg, though yet ſound, would ſpc:l. 
LXXI. In this ſpecies the little bodies, 
which we have hitherto called eggs, are tad- 
poles in miniature, as the following proofs 
may ſerve to ſhew. They are not broken like 
other eggs, to allow the incloſed animal to 
paſs out, while they themſelves become an 
empty and uſeleſs ſhell, but undergo no other 
change than an increaſe of bulk, becoming 
lender at one extremity, at which the tad- 
pole ſoon appears, and round. at the other, 


Which the eyes, the mouth and gills ſoon 


ſhew to be the head; at length life appears 
in thete fetuſes, they break through the am- 
nios and ſwim about the water; juſt as the 
fetuſes of the other frogs and toads, which 
likewiſe have at firit the ſhape of eggs. The 
advanced ſeaſon cauſes the tadpoles of this 
nw to exhibit their different p-ha/es in leſs 
t 


an three days, whereas others being brought 


forth at an earlier period, require a Jonger 
ſpace of tine. eee | 
LXXII. During the evolution, I analyfed 
theſe corpuſcles with the utmoſt care, and 
D 3 com- 
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compared them both internally and externally 


with others in the uterus and oviducts, but 
could perceive' no difference except in fize. 
From this identity then it may be concluded, 
that as theſe corpuſcles are real tadpoles with- 
out the body of the female, they are ſo alſo 
within it, and by conſequence; that the fe- 
tus exits in the female before the concurrence 
of the male. | Po nc oe 


EET this: i allo trac af. the amanios; 


for I have found that membrane ſurrounding 
the fetus, when in the uterus; it is then, 
indeed, in contact with the fetus; and does 
not contain any liquid; when they are ex- 
cluded, it is at ſome diſtance, and full of its 
proper fluid. In like manner there 1s reaſon 
to believe, that the umbilical cord exiſts be- 
fore fecundation. This organ is indeed not 
viſible, when the tadpole floats in the liquor 
of the amnios, yet it probably exiſts, ſince 


it is attached by one end to the lower part of 


the head of the animal, and by the other to the 
amnios, from which it afterwards ſeparates, 
and adheres a little while longer to the tad-- 
pole; it then decays by little and little, and is 
at laſt quite —TZ. nmol  S  $4< 

LXXIV. I have obſerved, that in order to 
rear theſe animals, I immediately put them 


into water, imitating in this the example of 


the female. I added, that except for the 
tree-frog, well water would ſuffice, that: 
ſpecies: requiring it to be taken from certain 
ponds or ditches (XXXIX). To theſe pre- 
cautions, I muſt ſubjoin two others, for the 
fake of thoſe who may be deſirous of repeat- 


3 


ing my experiments. Firſt, The veſſels muſt 


— 


not be kept in too warm a place, cold DP 
A 


7 | | 813 
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leſs hurtful in theſe experiments than heat: the 
two firſt ſpecies are produced before the cloſe 
of winter, and the water of the veſſels in which 
I kept them has been frozen to a confiderable 
d 4 without doing any hurt to the tad- 
2 55 I twice increaſed the cold, ſo that al- 
molt all the water was frozen, but the tadpoles 
never ſuffered, except when the mucus itſelf, 
in which they were enveloped, was frozen ; 
which never happens, but in a degree of cold 
far exceeding the point of congelation. On 
the contrary, whenever I left them ſome 
hours expoſed to the ſun, when the thermo- 
meter ſtood at 355, the greater part was ſure 
to periſh. C "Rs 
The next precaution, not leſs important 
than the preceding, conſiſts in often changing 
the water of the veſſels; if this be besie 5 
evolution will not begin, or if begun Will 
ſtop; this happens in conſequence of the 
gluten becoming putrid, from which a pe- 
netrating miaſma infinuates itſelf into the 


tender and delicate fetus, and deſtroys it either ' ' 


before it ſhews any figns of life, or after it 
has given tokens of animation. 5 


2 1 « 


In order to obſerve exactly the amours of 
confined frogs and toads, it is neceſſary to 
place ſomething to obſtruct the view of theſe 
ſalacious animals, between the yeſſel and 
the obſerver, otherwiſe they are diſturbed at 
the ſight of a perſon ſtanding over them, and 
either do not begin to celebrate their nuptials, 
or leave them half-finiſhed. „„ 

Nice and faſtidious perſons may perhaps be 
diſguſted at the frequent mention of an ani- 
mal ſo loathſome as the toad. They would 
doubtleſs have been better pleaſed with re- 
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marks on ſuch creatures as are more familiar, 
and may be handled without abhorrence. But 


whoever purpoſes to explore Nature, conceives 
not diſguſt or predilection for any of her pro- 


4 


ductions, but examines all indifferently, well 


knowing, that the ideas of what is dſagree- 
able, nauſeous, &c. are not in Nature but 
the imagination; for every creature, how 


vile and horrible ſoever it may appear, has 


its proper beauty and grandeur, and is the 
proper object of admiration, fince it is the 
work of the ſupreme Architect. This did 


not eſcape the ſage Petrarch, who ſings - 


Tutte le coſe di che l Mondo & adorno 
Uſcir buone di man del Maſtro Eterno, 


LIXV. I will cloſe the chapter, by no- 
ticing a fact mentioned by the illuftrious 
Bonnet in his Corps organs, and connected 
with the preſent ſubject. He tells us, that 


he knew a pool, which, after remaining dry, 
for ſome time, was ſtored with the fame kind 


of fiſh that it contained before, nor could he 
diſcover how they came into it. Inſtead of 
having recourſe to fiſhes accidentally drop- 
ped by cranes for the explanation of the phæ- 
nomenon, he conjectures, that the ſupply 
came from fecundated eggs that had lain in 
the mud without being ſpoiled. The in- 
ſtance of a ſpecies of tufted polype, diſ- 
covered by the immortal Trembley, of which 
the eggs may be hatched by putting them 
into water, after they have been kept four 
months in the dry, affords a remarkable 


foundation for his conjecture ; which he fur- 


ther confirms by the famous worms of. rick- 


etty corn; theſe, it is well known, after 


having 


DISSERTATION: E jy 
having been dried for many years, will moye 
again as well as at firſt, if they are ory 
wetted. Defirons, however, on this as well 
as on all other occaſions, of aſcertaining the 
truth, the philoſopher of Geneva wiſhed" that 
his conjecture might be ſubjected to the teſt 
of experiment, and that it might be tried, 
whether eggs of fiſhes can, be hatched after 
having been kept ſome time in the dry. 

As ſoon as I had read the work, I made the 
experiment, but without ſucceſs. Of the 
eggs of three ſpecies of fiſhes, which I kept 
in the dry for a month, not one brought forth 
young; indeed this appeared to be impoſſible, 
for moſt of the eggs were deformed. and 
ſpoiled by deficcation. Several years after- 
wards, being engaged in experiments relative 
to the generation of toads and frogs, I put 
tadpoles recently excluded to the fame tral, 
and with the ſame ill ſucceſs. Hence it ap- 
pears, that in order to explain the phznome- 
non related by Mr. Bonnet, we cannot have 
_ recourſe to the ſuppoſition, that eggs may 
be long kept in the dry. And I am ſtill more 
inclined to this opinion, from having ob- 
ſerved, that the eggs of fiſhes and tadpoles, 
newly laid in a ſhallow place, periſh irre- 
trievably if they continue in the dry for a few 
days, notwithſtanding they are afterwards put 
in water. I fay for a few days, for tadpoles do 
not die if they continue but a little while 
out of water. I put ſome tadpoles juſt ex- 
cluded. into a dry glafs; for two or three days 
the evolution went on, they began to aſſume _ 
their true ſhape, and even to thew -ſigns of 
life, but theſe a »Ppcarances diminiſhed gra- 
gually, and at lalt they ſhrivelled up and be- 
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came disfigured amid the mucus, which was 
itſelf turned into a kind of hard glue. 

LXXVI. But how then are we to explain 
the appearance of fiſhes where there were 
none once, and where we know that freſh 
ones have not been brought? The purport of 
this diſſertation does not, as is evident, lead 
me to the ſolution of this phenomenon, 
which was only mentioned incidentally. 
And if I was obliged to treat of it, it would 
rather be to ſuggeſt doubts concerning its 


reality, than account for it. We know not 


how any fiſhes have got into places that were 
once dry, and are now covered with water, 
but is it therefore certain that they did not 
et there? Are we ſure that nobody put them 
there? Is it clear that they themſelves have 
not found ſome ſubterraneous way, or un- 
perceived rill? Muſt we not of neceſſity 
draw fome ſuch conclufion, ſince it is certain, 
on one hand, that the dried eggs of fiſhes are 
ſteril, and on the other, that they come only 
n eg Tod rr og | 
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GENERATION OF THE WATER-NEWT, OR 
SALAMANDER. | ; 


LXXVII. Yobſervations were made upon 
x two ſpecies of newt. One 
has the lower part of the body tinged with a 
very beautiful orange colour, EN PLAN 
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with black ſpots of an irregular ſhape ; the 
fides and back have a ferruginous ground 
with grey ſtreaks ; the length of this ſpecies 
is four inches and upwards, and the thickneſs 
about ſix lines. The other ſpecies, beſides 
being ſhorter and leſs bulky in proportion, 
is diſtinguiſhed from the former by a liſt of a 
golden yellow, which bounds the ridge of 
the tail, and in females paſſes upwards along 
the ſpine, and reaches as far as the head. In 
both theſe ſpecies the males differ from the 
' females, not indeed in the external parts of 
generation, which are alike in each ſex, but 
in being provided with a dentated, membra- 
nous prominence, running longitudinally 
along the middle of the back ; as alfo in 
a double filver-coloured band, which adorns 
the tail of the male, but is not perceptible 
in that of the female. Theſe two ſorts 
of newts'are the ſame which, in reſearches 
of another nature, were the ſubjects of thoſe 
beautiful experiments on the reproduction of 
the limbs, the circulation of the blood, and 
other intereſting topics, diſcuſſed in my other 
works already publiſhed. 

LXXVIII. During ſpring and ſummer theſe 
little quadrupeds live in ſtagnant, never in 
running waters; at the approach of winter 
they conceal themſelves under ground, with- 
in the clefts of ſtones, and even in vaults ;. 
many of them, however, abide in the water 
during the whole winter, and more eſpeci- 
ally in ſuch as ariſes from ſubterraneous 
ſprings, and preſerves a ſenſible degree of 
warmth in the keeneſt colds. Hence it ap- 
pears, that our newts, though in general na- 
ü rw F M by CY tives 
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tives of water, and therefore denominated 
aquatic by me, are, however, capable of liv- 
ing, and in reality do live upon dry ground; 
and for this reaſon they may alſo be juſtly 
termed amphibious. | | 

LXXIX. The comparative ſtate of the 
ſeaſon at which they diſappear from the wa- 
ters (either deſcending to the bottom, or elſe 
tranſporting themſelves to dry ground, 
LXXVIII) in autumn, and of that at which 
they re- appear on the approach of ſpring, is 
worthy of notice. Before the middle of 
October, while in our climate the thermo- 
meter in the ſhade has ſcarce fallen ſo low as 
temperate, they all or almoſt all retire out of 
fight, and are loſt; whereas, on the other 
hand, they begin to make their appearance, 
either by riſing to the ſurface of the water, 
or ſwimming in it towards the middle of 
February or thereabouts, although at this 
time it continues to freeze almoſt always du- 
ring the night, and in the day- time the ther- 
mometer in the ſhade is ſeveral degrees below 
temperate, Now whence ariſes this early diſ- 
poſition in newts to quit their retreats, while 
the winter is not yet over, whereas in autumn 
they go in queſt and take poſſeſſion of them, 
notwithſtanding the ſeaſon long continues 
mild? Does it ſpring from the ſtimulus of 
hunger produced by their long faſt during 
the winter months? Gi obe juſtly 
be imputed to another principle not Jeſs 
active than hunger, viz: that by which the 
individuals of different ſexes are determined 
to ſeek each other. for the purpoſe of propa- 
gating the ſpecies? It is at leaſt certain, that 
in ſpite of the coldneſs of the ſeaſon, which, 
however, 
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however, prevents them from ſhewing ſuch 
vivacity, ſuch fire and alertneſs, as they after- 
wards diſplay, the males begin to chaſe the 
females, to ſurround and to careſs them in 
their manner, a circumſtance which is never 
obſerved except at the time of their amours. 
LXXX. Theſe appearances in February 
are, however, only preludes to their future 
nuptials. Theſe are properly celebrated in 
March, and till about the middle of April; 
this however depends, as we have already ſeen 
in frogs and toads, on the greater. or leſs 
warmth of the- ſeaſon, which accelerates or 
retards their amorous encounters. Theſe en- 
counters are conducted in this manner: the 
male purſues the female, which at firſt makes 
a ſhew of flying, but ſoon ſtops. of her own 
accord. He then approaches her in ſuch a 
manner, that the lower part of his head 
comes in contact with the upper part of the 
head of the female; and this is done while 
the animals are in ſuch a poſture, that their 
bodies form an angle, of which the point is 
made by the union of the two heads. Some- 
times, however, the poſition varies; ſome 
males, inſtead of placing their head on that 
of the female, only join muzzle to muzzle; 
the bodies of the male and female are always 
near together, ſo that the angle made by the 
two heads or muzzles, is always very acute. 
Then the male erects that dentated mem- 
branous prominence which lies on his back 
(LXXVII), agitates it in a ſtrange manner, 
and moves it from left to right, nearly as a 
mettleſome ſtallion waves his mane; the 
male alſo moves his tail briſkly, bends it in 
2 tortuous manner, and as he waves it about, 


itrikes 
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ſtrikes very gently the fides of the female; 
which continues without motion. Some- 
times the male, in order to preſerve his po- 
ſition, and at the ſame time to laſh the female 
with his tail, graſps with the toes of his fore- 
feet the graſs at the bottom of the ditch, or 
ſmall twigs, or whatever. elſe will ſerve for 
a ſupport, remaining always immerſed in 
water along with his companion : and while 
he thus gently laſhes the female with his 
tail, he emits from the aperture of the anus, 
now unuſually tumid and dilated, a copious 
jet of ſemen, which mixes with the water, 
and thus diluted, arrives at the anus of the 
female, which likewiſe, on this occaſion, ap- 
pears more enlarged as, well as wider than 
uſual. In this important operation then, the 
anus of the male is never in contact with that 
of the female, which alſo always maintains 
a greater or ſmaller diſtance, and never ſhews 
any part at all characteriſtic of her ſex. After 
the male has ejected this jet of ſemen, he 
reſts for a while, on ſome occaſions quitting 
the female; he then returns to his employ- 
ment, and repeats the contortions of the tail, 
and the emiſſion of ſemen, I haveſcen theſe al- 
ternations continue more than an hour; and 
when they are engaged in this employment, 
they may be approached and taken with the 
hand, almoſt without being aware of what 
happens to them. And ſometimes the male, 
from his agitations and contortions between 
the fingers, throws out a ſmall portion of 
ſemen, which is of a very white colour, and 
in conſiſtence reſembles thick milk. 
LXXXI. I firſt obſerved theſe curious facts 


in places where the newts naturally * 
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and ſport together, viz. in ponds, ditches, 
puddles, &c. afterwards I obſerved over again 
the ſame things at home in veſſels full of 
water, more. commodiouſly and with equal 
ſucceſs, exactly in the ſame manner as I 
obſerved the generation of frogs and toads. 
I found that this fingular mode of impreg- 
nation takes place in both the ſpecies of newt 
which I have deſcribed (LXXVIII). Upon 
the whole it appears then, that copula- 
tion is not neceſſary to the fecundation of 
theſe animals, and I can aſſert with confi- 
dence, that among the many thouſands which 
I have obſerved at the tume of their amours, 
I have never ſeen a fingle pair in conjunction, 
not only for the purpoſe of generation, but 
on any other occaſion. 555 
Being well aſſured, that with reſpect to ex- 
ceptions from certain rules ſuppoſed to be 
general, diffidence and caution can never be 
carried too far, I was very deſirous of wiping 
away all ſuſpicion. I have been ſeveral times a 
ſpectator of the copulation of wall-Hzards, 
which happens in April and May, and may 
be ſaid to laſt a fingle inſtant. In the cleareit 
days, and in places moſt expoſed to the ſun, 
the male runs after the female, and when he 
has overtaken her, he twines himſelf about 
her, and unites his genitals to her's, but this 
union may be termed momentaneous, after 
which the two ſerpents part. Do newts alſo, 
which on account of ſome reſemblance, are 
likewiſe called water-lizards, during their 
amours as deſcribed above (LXXX), do they 
alſo, I fay, copulate for a ſingle inſtant ? Al- 
though I kept my eyes fixed on them, fo that 
the moſt trifling action or ſmalleſt ms | 
_ 
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could not eſcape me, I am quite certain of 
having never Ben them in copulation for a 
ſingle moment throughout the whole period 
of their amours. I may even aſſert, that the 
genitals of the male were always at the diſ- 
tance of ſeveral lines from thoſe of the fe- 
male ; and I have been ſtill more and more 
convinced, that no copulation of any ſort 
takes place in this kind of animals, but that 
fecundation is effected by that portion of 
ſemen which the male darts into the water, 
and which afterwards is received into the 
body of the female, at the aperture of the 
anus. | 

LXXXII. I made theſe obſervations in 
1766 and 1767, and gave ſome intimation of 
them in my Proſpectus concerning animal re- 
Productions, publithed in 1768: my expreſſions 
are the following: Naturaliſts are not cer- 
tain whether newts copulate like the gene- 
rality of animals, or in the manner of frogs 
and toads. As ſuch an enquiry is of impor- 
tance to the hiſtory of generation, I have 
paid great attention to it, and in my work 
will relate all that I have obſerved (a). | 

I was perſuaded that theſe obſervations 
were new, for in truth I was not apprized 
that any perſon had publiſhed any thing upon 
the ſubject. And I ſhould ſtill have re- 
mained under this perſuaſion, if I had not 
chanced to read in Bomare's Dictionary of 
Natural Hiſtory, the article Aquatic Newt, 
in the volume printed in 1775, that is to ſay, 
ſeven years after the publication of my Pro- 


5 | (a) Page 77. h 
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ſpectus, in which I found that Mr. Demours 
had turned his attention to the ſame point: 
] was not able to aſcertain whether his ob- 
ſervations are prior- or poſterior to my own, 
for want of knowing wikidan they are to be 
found in a ſeparate publication, or were 
ſimply communicated by the author to Bomare. 
However it may be, I acknowledge with the 
moſt unaffected ingenuouſneſs, that the pain- 
ful feelings, which uſually ariſe on perceiv- 
ing that another, without our knowledge, 
has begun to reap in our own field, have been 
amply compenſated by the pleaſure of finding 
that the obſervations of the French N Aturalift 
perfectly agree with mine upon the whole, a 
ſtrong preſumption that the obſervers have been 
exact. The ſum of his obſervations is, that 
after various gallantries on the part of the 
male, ſuch as ſtopping the female, bending 
his body in the form of an arch in the wa- 
ter, and ſtanding upright with his creſt or 
prominence erected, he opens his anus, for- 
cibly compreſſes the region of the teſticles, 
laſhes his companion with his tail, and now 
ſqueezing his teſticles with his utmoſt force, 
darts forth the ſeminal liquor, without how- 
ever being in contact with the female. The 
liquor ſpreads along her fides, after ſlightly 
clouding the water : Then the male drops 
down as it were aſleep, but ſoon awakes, and 
reaſſumes his former gallantries, which are 
ſucceeded by a freſh emiſſion of ſemen, after 
which the two animals ſeparate (a). 


| (a) Page 38, 39. | 
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Theſe obſervations, as far as they prove that 
no copulation takes place between newts, 
are confirmations of mine, whatever opinion 
is to be entertained concerning any flight dif- 
ference in the accounts of theamorous geſtieu- 
lations, as well as concerning the fewemiſſions 
of ſemen obſerved by him, and the numerous 
ones remarked by me (LXXX): for with 
reſpect to the former, they are circumſtances 
totally foreign to the main object of atten- 
tion, and as to the more or leſs frequent 
emiſſions of ſemen, theſe it is evident might 
depend on the difference of temperament, age, 
and vigour of the animals. 11 
ILXXXIII. In the LXXXIſt — x : 
have ſuppoſed that impregnation was effectec 

by thoſe jets of ſemen which the male emits 
in the vicinity of the female. Let me now 
adduce the proof of this ſuppoſition; but that 
it may be better underſtood, it will be expe- 
dient to premiſe ſomething concerning the 
ovaria, oviducts, and ova of theſe animals. 
When the abdomen of a female ſalamander 
is laid open at any ſeaſon of the year, the two 
ovaria preſent themſelves, containing a mul- 
titude of little eggs of a yellowiſh white 
colour, ſmaller than hutkee millet, and not 
floating looſe in the cavity of the ovaria, but 
adhering to their ſides. The little ova, at 
the approach of ſpring, increaſe inſenſibly 
in ſize, and when they are arrived at matu- 
rity, (which happens at the time of their 
amours) they deſcend into the oviducts, 
which 0 of two white tubes, which 
extend from the origin of the fore- feet to the 
root of the tail, and include the ſpine be- 
tween them. Both are wrinkled and full of 
curvatures 
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curvatures and flexions, when they are freed 
from theſe, and ſtretched in a right line, 
they exceed about four times the whole length 
of the ima. | 
LXXXIV. During the ſeaſon of amours, 
the oviducts always contain a greater or ſmall- 
er quanity of eggs, placed in rows, and gene- 
rally more numerous in that part of the duct 


which lies neareſt the anus. And now it is, 


that on ſlight preſfure on the belly, or even 
from the contortions of the animal, when 


they are held between the fingers, the eggs 


commonly come out from the cloaca, juſt 
as we have before obſerved, that the ſemen of 
the male is emitted under like circumſtances 
(LXXX). The ova, when they quit the 
ovaria and enter the oviducts, become far 
larger, and they now are inveſted with 
a viſcid gluten, nearly as happens in frogs 
and toads, except that the gluten which ſur- 
rounds the eggs in the two latter kinds of 
animals 1s more abundant and more viſcid. 
When the male hath ejected the ſemen, and 
when from its vicinity to the female, it has 


inſinuated itſelf into her anus, that portion 


of eggs is fecundated, which is neareſt 
the vent, and about to be excluded, and 
the remainder which lies in the higher part 
of the oviduct, continues at that time unim- 
pregnated. This truth actual experiment 
proved to me in the following manner. 
When the males began to purſue the females 
with eagerneſs, I put the latter by themſelves 
in veſſels full of water. bln notwith- 
ſtanding, diſcharged their ova, but they re- 
mained barren. I allowed the males to ap- 
roach, and they darted their ſemen as uſual ; 
then again ſeparated the females, when I 
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found that the firſt eggs they diſcharged (a- 


mounting to ſix, ſeven, or thereabouts) fur- 
niſhed me after ſome interval with living 
newts. But this was not the caſe with others 
lying higher up in the oviducts, which were 
brought forth afterwards. ü 8 
After the amorous encounters were over, 
I opened a female, and taking the eggs out 
of the ducts, I put. them into water, with 
the precaution, however, of placing thoſe 
which lay in the vicinity of the anus in a ſe- 
parate veſſel. Theſe produced young, while 
the reſt all failed. To theſe proofs, which 
in my opinion are deciſive, let me add ano- 
ther. The ſpecies of newt, with the golden 
liſt upon its back (LXXVII), inſtead of 
bringing forth the ova ſeparate like the 
other ſpecies produces little cords, ſometimes 
of the length of two inches, conſiſting of 
ſeveral dozens of eggs. After the male had 
careſſed one of theſe females, I opened the 
abdomen, and took the eggs out of the 
ducts, which were united together by means 
of the glue, and formed two cords joining 
at an angle near the cloaca. I placed theſe 
cords in water, and marked the end which 
would have appeared firſt with threads. And 
the eggs at and near this end produced young, 
while the others came to nothing. 
ILXXXV. Though I have proved that 
theie eggs arc not fecundated, yet it does not 
follow they do not become ſo in the ſequel. 
In proportion as thoſe which lie neareſt the 
2nus are expelied, the more remote deſcend. 
znd take the place of the former, and are. 
impregnated by new emiſſions of ſemen. 
The fame thing happens to the moſt wa 
ot 
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ſo that all that arrive at maturity, paſs out of 
the ovaria, and enter the cavity of the ovi- 
ducts, are ſooner or later fecundated. I had 
an irrefragable proof of this, by attending 
to ſucceſſive diſcharges of ova, which all 
produced young alike. From what has been 
already advanced, it 1s very obvious to infer, 
that the males do not ſoon abandon the fe- 
males. From obſervation I have learned, 
that their amours laſt ſometimes twenty, 
ſometimes thirty days, and ſometimes ſtill 
longer, viz. until the females have diſcharged 
all their mature eggs. For as long as any 
remain in the oviducts, the males never ceaſe 
their careſſes, and alternate emiſſions of ſe- 
men, and intervals of reſt (LXXX), I ſaid 
above all their mature eggs, ſince after the 
amours of the newts are ended, there remain 
within the ovaria others of very ſmall ſize, 
and in very great abundance. | 
LXXXVI. Bomare, in the article already 
quoted (LXXXII), aſſerts that aquatic newts 
diſburthen themſelves of the load of their 
eggs, by laying hold of them with their 
mouths and feet, and thus promoting the 
diſcharge from the anus, but that as they are 
expelled they are glued under the-tail. The 
French writer will I hope pardon me, if I 
venture to aſſert that no fable can be more 
extravagant than this. If inſtead of- being a 
copyilt by profeſſion, as he appears to be from 
all his publications,. he had taken the trouble 
to obſerve Nature, and in- conſequence of 
this had enquired into the manners of newts, 
he would have ſeen upon a thouſand occaſions, 
that the eggs are diſcharged and ſeparated 
from the anus without the concurrence of 
E 3 the 
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the mouth or feet, and that theſe animals 
never ſhew the leaſt diſpoſition to employ 
either the one or the other. He would have 
beſides felt with his hands, that far from fol- 
lowing the practice of cray-fiſn, which after 
having brought forth their ova, keep them 
attached to the inferior ſurface of the tail, 
that theſe animals expel them in ſuch a man- 
ner, that they all fall to the bottom of the 
_ water. Of the infinite number of newts 
which I have kept in different years, and for 
different purpoſes, in veſſels full of water, I 
have never found one individual that carried 
a fingle egg adhering to the tail, but when 
the water in the veſſels was changed, they 
were always ſeen in an heap at the bottom. 
I remerked the ſame thing in thoſe that were 
wandering at pleaſure about the water in the 
open plains. | | 
And ſince I am ſpeaking of the article 
Newt, compiled by Bomare, let me point out 
another of the various errors . it con- 
tains. He aflerts, that the cry of the water- 
newt very nearly reſembles that of the frog 
(page 3 51 whereas it is ſufficient to be very 
{lightly acquainted with theſe animals, in 
order to be aſſured that they are quite mute. 
It is only when they riſe to the ſurface of 
the water, to expel the old air from their 
lungs and to inhale freſh, that the obferver 
hears a ſort of very low whiſtle, ſcarce per- 
ceptible at the diſtance of four paces. But 
in an author, who ſeems to have inherited 
inaccuracy and want of diſcernment, as nu- 
merous other fabulous tales, with which his 
Dictionary abounds, may ſerve to ſhew, ſuch 
errors are leſs unpardonable. © ESR. 
LXXXVII. 
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LXXXVII. But let us proceed to the 


hatching, or rather the evolution of newts, 
another part of their hiſtory not leſs curious 
and intereſting than the preceding. Let us 
then attend to what happens to the eggs after 
they have been brought forth. Theſe, when 
put into water, ſink to the bottom ; if the 
weather be warm, a quantity of air-bubbles 
ſoon appears upon the gluten which includes 
them; theſe at firſt are very ſmall, but be- 
come afterwards larger, and at leaſt ſo large, 
that the eggs become lighter than water, 
and ariſe to the ſurface, bringing with them 
the collection of bubbles ſtill adhering to 
the gluten : the bubbles then burſt and diſ- 
appear, and now the ova fall again to the bot- 
tom, and riſe no more, being kept down by 
the gluten, which faſtens them to the ſpot 
on which they reſt. If we continue to watch 
them attentively, we can perceive that their 
ſhape begins to change. When firſt brought 
forth, and for one or two days afterwards, 
they reſemble an elongated ſpherule; the 
ſpherule now begins to appear ſlightly curved, 
repreſenting in miniature a N or the 
teſticle of a cock. The curvature encreales, 
and the bulk in the fame proportion, but 
with this additional circumſtance, that one 
end of the ovum becomes thicker, and the 
other thinner. In the mean time, it acquires 
twice its original ſize. And now it appears 
not to grow in bulk, but only in length; 
and this becomes every day more apparent to 
the ſurprize of the obſerver. But his greateſt 
furprize ariſes from ſeeing the egg thus elon- 
cated, agitate itſelf at intervals with great 
briſkneſs, and then continue quiet; and as 
EX © : this 
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this happens without. any external exciting 
cauſe, the idea of animality neceſſarily ariſes 
in the mind, and we incline to believe that 
the ſuppoſed egg is a real newt, only in diſ- 
guiſe, juſt as I have diſcovered that the ſup- 
oſed eggs of frogs and toads are not eggs, 
| but tadpoles in diſguiſe. This idea continues 
to be more and more confirmed in the ſequel, 
from obſerving by a glaſs the ſelf-moving 
egg aſfume the features of a ſmall newt, the 
tail appearing beautiful and perfectly formed, 
the vertebræ beginning to ſhew themſelves as 
well as the little gills within which the 
blood circulates, and likewiſe two lateral 
rotuberantes, which the obſerver ſuſpects to 
e the rudiments of the arms, and the veſtiges 
of the head and muzzle, and laſtly the outlines 
of the eyes lying by the ſide of the head, un- 
der the appearance of two inconſiderable tu- 
mours. Continuing to employ the microſ- 
cope, we perceive that the little newt is not 
now circumſcribed by the gluten, but by-a 
tranſparent circlet more internal, which is 
nothing elſe than the amnios full of liquor, 
within which the little animal has its reſi- 
dence; its colour is alſo remarkable, the 
inferior part of the body is white, while 
the upper part is deln . and inter ſperſed 
with feveral blackiſn ſtreaks. Ne I. Fig. 16. 
PI, HI. repreſents a newt's egg in its natu- 
ral rate, ſurrounded by gluten : N* II, III, 
IV, V. ſhew the ſame egg ſtripped of its 
gluten, and inſenſibly becoming curved and 
elongated, Ne VI, VII. repreſent the body 
ſuppoſed to be an egg, but which from its 
progreſſive elongation and evolution, has aſ- 
ſumed the real appearance of a ſmall newt, 
| N ſome what 
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ſomewhat magnified. D. fig. 17. ſhews the 
{ſame circumſcribed by the amnios, which is 
repreſented by the ſmaller circle, but the 
whole was obſerved by a microſcope of greater 

magnifying power. 
LXXXVIII. As long as newts remain in 
the amnios, they are never ſeen extended at 
full length, but always incurvated in ſuch a 
manner, that the tail approaches to the head, 
as may be obſerved in fig. 16. N* VI, VII. 
and at D. fig. 17. It cannot indeed be other- 
wiſe; ſince the diameter of the amnios is 
much ſhorter than the young newt, they muſt 
of neceſſity be bent. Whilſt they are con- 
fined in this priſon, they change their fitua- 
tion from time to time, and always with in- 
credible quickneſs, on a ſudden tranſporting 
the head where the tail lay and reciprocally ; 
and this happens not only when they are 
{truck by any ſubſtance, but even when they 
are left undiſturbed. Mean while they in- 
creaſe in fize from the food they take within 
the amnios, but when afterwards that mem- 
brane can no longer contain them, they burſt 
it by repeated efforts, and entirely quit their 
envelope, and begin to ſwim about the wa- 
ter, by the help of quick vibrations of the 
tail. I have ſeveral times beheld this exit 
with pleaſure; it recalled to my memory the 
exit of butterflies, when they lay afide the 
maſk of the chryſalis. In fig. 17, 18, 19. 
are ſeen three newts juſt out of the envelope ; 
two with their backs preſented, fig. 17 and 
19. and one laterally, fig. 18. In the fame 
figure we have two others, ſome time e- 
mancipated from their confinement, and 
ſwimming about the water. Theſe two young 
newts, 
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newts, as well as the two others that are 
coming out of their envelopes, fig. 17 and 
18. ſhew the prominent rudiments of their 
fore legs, under the appearance of two little 
ſtumps. Two of theſe are marked C. C. 
fig. 17. So the letter A. in the ſame figure, 
repreſents one of tne above-mentioned en- 
velopes. Upon examining ſome, which were 
no longer receptacles for young newts, they 
appeared to be externally compoſed of a re- 
hduum of gluten, which, at its internal ſur- 
face, had become callous, of the extremely 
fine and traniparent membrane of theamnios, 
and of a little of the liquor of that mem 
brane, which was alſo tranſparent and lightly 
viſcid. | | | 

LXXXIX. My next object of enquiry was, 
the time requiſite for theſe animals to paſs 
from the illuſive form of ovum, to the real 
one of newt; this I have found to amount to 
the ſpace of feven days, more or leſs. They 
require three or four more before they come 
to burſt the amnios and gluten, and to float 
at iiberty in the water. 

In general, to Hatch thefe animals is more 
difficult, than to hatch the tadpoles of frogs 
and toads. Though the fetuſes of the newt 
(falſely ſuppoſed to be eggs) are put into pure 
water as ſoon as they are brought forth, and 
this water ſhould have been taken from the 
very ſpot in which they were depoſited by 
the females, yet few -come to perfection, 
unleſs we are careful to change the water 
very often; and even with this precaution, 
there is always, in like circumſtances, a 
ſmaller number of young newts than tadpoles 
evolved. | 5 
5 XC. 
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XC. This difficulty does not occur in their 
further evolution and growth. ' Any kind of 
water, either pit, rain, river, or lake water, 
will anſwer this purpoſe perfectly well, pro- 
vided it is pure. If there ſhould happen to 
be any plant, ſuch, for inſtance, as the marſh 
lentil, in the water which contains the 
young newts, they will furround and nibble 
it with their little mouths, ſelecting thoſe 
parts which are beſt adapted to their conſti- 
tution. During the progreſs of evolution, 
the arms are anfolded more rapidly than other 
parts (LXXXVIII), they become pointed, 
and are bent back towards the poſterior part 
of the body, as may be ſeen in the two young 
eue at the —— ie fig. 19. but better in 
+ 20. in Which the animal ap 8 - 
niet The two cones warked C= 9 as 
the two arms; above which, and nearer the 
head, the gills are ſeen branched, as alſo two 
other ſmaller bundles of gills, E. F. near 
the eyes; theſe ſmaller gills appear later than 
the large ones. The young newts being ſtill 
kept in water, about a week after their exit 
from the egg, three other very ſmall cones, 
not far diſtant from each other, ſhoot from 
the ends of the two former; theſe cones are 
ſoon perceived to be fingers belonging to the 
little hands. The animals now begin to 
employ theſe fingers, hands, and arms. In 
like manner as the anterior limbs make their 
firſt appearance in the ſhape of two cones, 
to alſo do the poſterior, which commonly are 
firſt perceived, fifteen and ſometimes twenty 
days after the animals have quitted their en- 
velope. Nature likewiſe obſerves the ſame 
progreſs in producing the toes as the fingers ; 
| —_ 
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and now the newt is able to walk, either 
along the bottom of the water, or on dry 


ground. It is well known, that the tad- 
poles, both of frogs and toads, loſe their 
gills a few days after their birth. Young 
newts, on the contrary, retain them long, 
and I have even obſerved them in Auguſt. 
XCI. There ſtil] remains an important en- 
quiry relative to theſe animals, the ſame which 
has been already made concerning frogs and 
toads. At what period may thoſe roundiſh 
bodies, commonly called the eggs of newts, 
be properly termed true fetuſes ?. Is it when 
they. are upon the point of being expelled 
from the body of the female, and conſe- 


| 2 have been already bathed by the 


emen? or ſtill ſooner, when they lie in the 

higheſt part of the oviducts, where we are cer- 
tain that the ſemen could not arrive? I flat- 
ter myſelf, that I have the moſt direct proofs 
that theſe little bodies are real animals, even 
when they are at the top of the oviducts; 
although when taken out of the body of the 
female, they are not developed, but come to 
nothing, for want of the neceſſary condition 
of being fecundated by means of ſemen. Theſe 
proofs are deduced from the identity of the 
impregnated and unimpregnated corpuſcles : 
and I hope the reader will be fully convinced 
of this identity, when I aſſure him, that I 
have ſubjected each to the ſame minute and 
rigorous analyſis, that was employed upon the 
fetuſes of frogs and toads, and which 1s par- 
ticularly deſcribed in the LXXVIIIth para- 
graph; nor could I diſcover the ſmalleſt dif- 
terence, either in the internal or. external 
| par ts; 
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parts, between the corpuſcles bedewed with 
ſemen, which were evolved and became 
newts, and others not touched by that li- 
quor which were ſpoiled. I therefore con- 
clude, that in theſe animals alſo, the fetuſes 
exiſt in the females before they are impreg- 
nated by the male. 

XCII. I have ſpoken of the two forts of 
newts deſcribed in paragraph LXXVII, and 
which have been hitherto the objects of my 
enquiries, as if there had been only one, hav- 
ing obtained from both the ſame reſults in 
every thing that reſpects generation. I will 
moreover add, that theſe reſults have been 
the ſame in another fpecies of this animal, 
little more than an inch and half in length, 
and about two lines in thickneſs, of which 
the colour is a cineritious ground, inter-- 
ſperſed with black ſpots; my obſervations 
upon this ſpecies were made three years af- - 
ter thoſe which are related in the preſent 
chapter. | | 0 

J have hitherto related my remarks con- 
cerning the generation of frogs, toads, and 
newts, in ſuch a manner, that it does net 
always appear, whether I have made ſach a 
number of obſervations and experiments as is- 
neceſſary, in order to obtain fate and conſtant 
reſults. Now the reader may be aſſured, that: 
I have done this, not becauſe I was not in 
N with a ſufficient number of facts, 
but in order to avoid creating diſguſt by too 
frequent repetitions. I can alſo aſſure him, 
that every fact has been ſeen and examined a 
great number of times, for I have been 
taught by daily experience, that in natural 

1 5 | | hiſtory, 


62 DISSERTATION. [. 


hiſtory, truth can only be attained by the con- 
{tant cg of repeated experiments. | 


N 
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SFOHE Y principal ent in the Gre 
preceding chapters, was to re- 
late facts unmingled with reflections. I 
would now deduce conſequences, and lay be- 
fore my readers ſuch a train of. reaſoning, as 
may contribute to the illuſtration of the ſub- 
ject, for this is * moſt important part of | 
natural philoſoph 

1-8 9 1 7 Known, that almoſt all ani- 
mals except man, have a ſtated ſeaſon for the 
propagation of their ſpecies. Thus the fe- 
male cat receives the male in September, Ja- 
nuary, and May. The ſhe-wolf and fox in 
January; the doe in September and October. 
The ſpring and ſummer are the feaſons ap- 
pointed for the amours of birds, and many 
ſpecies of fiſhes. The immenſe tribe of in- 
Ea have likewite a determinate time for per- 
petuating their kind; this is the fine part of 

the vear, and particu! arly autumn and ipring. 
The laſt men xioned claſs of beings is lubject 
ta 2 variation that is not obſerved in — 
others. Unuſual warmth or cold does not retard 
or forward the conjunction of birds or quad- 
rupeds 
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rupeds; but à late ſpring delays the amours 
of inſects, and an early one forwards them. 
Thus it is obſerved, that in the ſame coun- 
try, the inſects on the mountains are later 
than in the plains. 

XCIV. The variations of heat and cold 
have the ſame effect upon the amphibious 
animals, that have been the ſubject of my 
enquiries, as upon inſects. They too have, 
as we have ſeen, a fixed time for their amours, 
but it varies according to the warmth or 
coldneſs of the ſeaſon. If we compare my 
obſeryations on frogs and toads with thoſe 
of Roeſel, it will appear, that this order of 
animals begins earlier to propagate the ſpecies 
in the mild climate of Italy, than in the ri- 
gorous temperature of Germany. In his hiſ- 
tory, he ſpeaks of a very ſmall fort of aquatic 
toad, which, from the beautiful flame-co- 
loured ſpots that adorn the belly, he calls 
Bufo igneus, as copulating near Nurimberg 
in June. This ſpecies is not found in the 
plains of Italy, at leaſt not in the Modaneſe, 
the Milaneſe, or the country round Pavia. 
I have ſometimes found it on the hills round 
Modena, the male embracing the female in 
May, but 1 had not an opportunity of making 
my obſervations with ſufficient accuracy: 
Afterwards, in my journey to Geneva and 
Switzerland, in the ſummer of 1779, I faw 
a great number of theſe toads. In the courſe 
of my excuſions with the amiable and learned 
Mr. Senebier, on the eminences that almoſt 
ſurround that illuftrious and cultivated city, 
I remarked, that there was not a lake or ditch 
that did not afford reception to great num- 
bers of theſe animals; they were generally 

: coupled, 
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coupled, though it was then the end of July. 
I have moreover found them in Auguit, in 
many waters in the vicinity of Berne, Baſil, 
Zurich, and Lucern, and their amours were 
then but juſt finiſhed, as appeared from the lit- 
tle tadpoles that had lately quitted their mucus, 
and were ſwimming about. Theſe animals 
then copulate much earlier in Italy, than ei- 
ther in Germany or Switzerland. This is 
not matter of ſurprize, for the Swiſs cantons 
are generally known to be the higheſt part of 
Europe, and by conſequence muſt be cold; 
as I perceived among other proofs, which 
cannot. be properly introduced here, by-the 
ripening of the corn, which is a month later 
than in the plains of Italy, and by thoſe trees, 
which with us will not grow at all, or elſe 
only in the higheſt fituations, thriving here 
wonderfully in the loweſt vallies, ſuch for 
inſtance as the larch, the beech, the fir, &c. 
J have obſerved in the tree-frog, and fetid 
terreſtrial toad, in the river at Geneva, juſt 
the reverſe of what I had ſeen in the Bufo 
aureus in Switzerland. In March 1780, I 
remarked that the two former ſpecies had 
made their appearance, and were coupled in 
the ponds and other reſervoirs of fine gardens 
near that city, whereas in Auſtrian Lombardy, 
they had not yet quitted their ſubterraneous 
abodes. The reaſon why frogs, toads, newts, 
and the numberleſs tribe of infects, require 
a certain degree of atmoſpherical warmth, is, 
I ſhould think, becauſe the latter have an in- 
ternal ſource of heat, which animates them, 
even in the ſevereſt cold, whereas the former 
are almoſt entirely deſtitute of any ſuch 
| : ſource. 
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ſources; As therefore the exerciſe: of their 
unctions depends on tlie heat of the atmo- 
ſphere, their amours will alſo depend upon this 
cauſe, and will of courſe be later in cold than 
hot climates, and in both will vary with the 

Ms, II. It has been ſhewn' in the pre- 
ceding chapters, that the round bodies pro- 
duced during the ſeaſon of generation by the 
female frogs, toads, and newts, that fell un- 
der my inſpection, are not, as it has been 
univerſally believed, eggs, but real fetuſes; 
for they are never incloſed in membranous 
or cruſtaceous envelopes, like animals that 
come from eggs, but are quite naked; nor do 
they ever leave any ſhell or membrane behind 
them, after they have been impregnated, ex- 
cept the amnios, which is the caſe with all 
viviparous animals. It follows, that theſe 
ſpecies ought to be removed from the claſs of 
oviparous animals, to which they have been 
referred by naturaliſts and nomenelators, and: 
placed among the viviparous. There is a 
circumſtance here that deſerves to be noticed. 
All viviparous animals have this in common, 
that their fetuſes are at birth full formed, and 
retain the lineaments which they then have 
through their whole life: they are only more 
unfolled. _ We are further certain, that they. 
have long before birth the form of the ſpe- 
Cies, as is evident from human abortions; as 
well as thoſe of beaſts: In like manner, ani- 


mals that come from eggs are formed, not. 
only when they are hatched, but long before, 
as we ſee in the eggs of birds, various reptiles, . 
crocodiles, &c. If the eggs are broken and 
examined, we ſhall perceive the fetuſes more 
Vo L. II: = 
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or leſs advanced, provided they have been 
fecundated and ſet to Hatch. I have made 
the ſame obſervation on the eggs of inſects; 
when I found they were nearly hatched, I 
have frequently opened the pellicle, and diſ- 
covered the embryo formed, and endowed with 
the power of motion. On the contrary, the 
fetuſes of the amphibious animals, that have 
been the ſubject of my reſearches, are quite 
ſhapeleſs at the time of excluſion, and have 
only the appearance of globules; it is not till 
afterwards that the limbs begin to appear, 
and they aſſume the lineaments of the ſpecies. 
Now I think that upon reflection, I can affign 
the phyſical cauſe of this ſtriking difference. 
The fetuſes of other animals have, indeed, 
at the time of birth, the characteriſtic form of 
the ſpecies, but they do not acquire it for 
ſome time after fecundation. They are at 
firſt ſhapeleſs, as we ſee in birds in the egg, 
which, before they aſſume their true figure, 
muſt undergo the moſt ſurprizing changes, 
as has been ſhewn by Haller, and before him 
by Malpighi. Fetuſes then, in general, are 
not perfectly formed tilt ſome time after fe- 
cundation. Now in the amphibious animals 
of which I have been treating, impregnation 
does not take place till the fetus is excluded. 
It is, therefore, no wonder that they are 
ſhapeleſs; it is indeed to be expected, that 
they ſhould take the form of tadpoles after 
they are brought forth. And we might con- 
clude, that the globular figure which thefe 
animals have, as long as they lie in the ova- 
ria, might perhaps be the univerſal model for 
unimpregnated germs, if they were not the 
| production 
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production of infinite wiſdom, and therefore 
probably N c ( 
XCVI. III. Though theſe animals are pro- 
perly denominated amphibious, fince they 
are capable of living both upon dry ground 
and in water, yet, if we-except the common 
frog and the. newt, they generally live out 
of the water, and only repair to it in order 
to propagate the ſpecies; and as if conſcious 
that their fetuſes, if brought forth upon 
land would irretrievably periſn, they invari- 
ably depoſit them in water, the only element 
where they can be unfolded and grow. They 
do not, however, place them in any water 
that may happen to be near: they are never 
to be ſeen in torrents or rapid rivers, but al- 
ways in ditches, lakes, ponds, where the 
water ſtagnates or runs but flowly. The rea- 
ſon of this is very obvious. A rapid current 
would carry the fetuſes away, for they are 
ſpecifically lighter than water, and by conti- 
nually ſhaking and daſhing them againſt the 
banks and other obſtacles, would deſtroy the 
reater part. The ſame danger does not ſub- 
iſt in ſtagnant waters. Beſides the tadpoles 
here find their food, which chiefly conſiſts of 
water lentil, a plant that does not grow in 

quick ſtreams. 28 
| Theſe animals then, as well as others, 
carefully provide for the continuation of the 
ſpecies. In inſects in particular, theſe pro- 
viſions are an inexhauſtible ſubject for admi- 
ration. The curious obſerver of theſe mi- 
nute beings, is conſtantly ſurprized by the 
care they take to depoſit their eggs, where the 
the young are ſure to meet with proper food. 
An immenſe number of both nocturnal and 
EE diurnal 
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- diurnal | butterflies and moths, come from 
grubs that live upon various herhaceous and. 
woody plants. They never fail to depoſit 
their offspring preciſely upon theſe plants. 
There is not th leaſt danger leſt they ſhould: 
miſtake one vegetable for another. - That 
which comes from the grub of the oak never 
lays its eggs on the elm, and reciprocally. 
The fame may be ſaid of other plants; for 
ſhould ſuch a miſtake happen, the grubs 
would die for want of fit nouriſhment. Ano- 
ther claſs of inſects, the numberleſs and va- 
rious tribe of flies, affords equal cauſe of 
admiration: they all depoſit their eggs in cer- 
tain ſtated places; ſome in the pith or within 
the bark of trees, or upon the leaves, of with— 
in the empalement of flowers; ſome in the 
ground or in water; ſome upon dunghills, 
in ſepulchres or dead bodies, and others, in 
ſhort, within the body or upon the ſkin of 
living animals. VV 
_ Equal induſtry and ſagacity is conſpicuous 
in the race of cantharides, beetles, &c. And 
to come to animals, more nearly reſembling 
thoſe concerning which we are enquiring, 
many fiſhes, belonging both to ſalt and freſh 
water, conceal their eggs in places where the 
water is ſhallow, and conſequently. more; 
warmed by the rays of the ſun; hence the 
young fry is ſooner produced. Belides theſe. 
places generally afford more aquatic inſects, 
the food moſt agreeable to fiſhes. Turtles, 
which are themſelves amphibious, furnifh- 
an example ſtill more cloſely connected with 
the ſubject of theſe diſſertations, excepting 
that they repair to dry ground, and conceal 
their S888 in the ſand. | eff] OM : 48 
3 Ex: ACVIL 
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XCVII. IV. In the four firſt chapters, I 
mentioned the cloſe embraces of the male 
frogs and toads. This phænomenon has 
given riſe to diſcordant opinions. Valliſneri 
thinks, that the compreſſion contributes to 
ſeparate the eggs from the ovaria, and to fa- 
cines their entrance into the oviducts (a). 
Swammerdam, on the contrary; ſuppoſes that 
it is more likely to prevent, than forward 
their paſſage through the oviducts, as it may 
cloſe their orifices. Hence he thinks, that 
the male does not begin his embraces, till 
the eggs have paſſed through thoſe canals (). 
But this can only be determined, by opening 
ſome females at the commencement of their 
amours. In ſome ſpecies,” indeed, bare in- 
ſpection will ſhew, that the preſſure made by 
the fore- feet of the male, cannot contribute 
to force the eggs out of the ovaria; for they 

do not come forward upon the breaſt, to 
which the chief part of the ovaria lies oppo- 
ſite, but preſs againſt the lower extremity of 
the abdomen; as I have myſelf obſerved in 
the Bufo igneus of Roeſel, and as indeed is 
evident from his figure. I kept two females 
from the male, but this did not prevent them 

from diſcharging their eggs. Hence it is 
more than probable, that this would alſo hap- 
pen in the ſpecies, denominated by that na- 
turaliſt, Bufo aquaticus allium redolens; for 
the male does not preſs againſt the breaſt, 
but like the igneous toad againſt the abdo- 
men of the female (c). There ſeems, how-. 
ever, ſome ground for believing, that the em- 
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braces of the male may contribute to the ex- 
cluſion of the eggs, in thoſe e e 
he claſps the female round the breaſt; as in 
thoſe 170 s and toads, of which I have de- 
ſcribed the mode of generation 1n the four 
firſt chapters. If the females of the aquatic 
frog be kept ſeparate from the male, I have 
found; that they do not diſcharge their fe- 
tuſes (VII). Here then we muſt conclude, 
that the embraces of the male influence this 
I know not how this influence can be 
exerted, except by the preſſure made againſt 
the breaſt, by which the fetuſes are forced 
out of the ovaria, and get into the mouths of 
the oviducts. But in the tree-frog, notwith-. 
ſtanding the preſſure is made againſt the 
breaſt, it does not contribute to the deſcent 
of the fetuſes, ſince they get into the uterus 


before the male begins his embraces (XXVI). 


When I wrote the hiſtory of the terreſtrial 
toad, with red eyes and 40 11 tubercles, I 
knew not whether the female could bring 
forth without the male; and J only ſaid, that 
his embraces begin before the fetuſes quit 
the ovaria ai . I afterwards kept two 
females in a veſſel full of water, which, 
without the eee of the male, diſ- 
charged their long and viſcid cords, but the 
fetuies all periſhed for want of fecundation. 


If we now compare the facts related in this 


paragraph, we ſhall find, that Swammerdam's 
opinion is not uniyerſally true; for although 
the embraces of the male are poſterior to the 
deſcent of thefetuſes into the uterus in the tree- 
frog, yet this does not happen in the aquatic 
rog and in toads. Secondly, it will 8 
e . that 


71 4 


that the ſtrong compreſſion of the male is 
very far from being always, as Valliſneri 
imagined, the cauſe of the ſeparation of the 
fetuſes from the ovaria.” We cannot there- 
fore on this, any more than on numberleſs 
other occaſions, lay down any general rule, but 
muſt be attentive to the variation of Nature; 
in the endleſs multipheity of her operations. 
XCVIII. V. I ſhall, perhaps, be aſked to 
point out the cauſe of the male's perſeverance 
in his embraces, which in ſome cold coun- 
tries laſt above forty days, as Swammerdam 
obſerved in Holland, 1t may alſo be eh- 
quired, why theſe animals, during their a- 
mours, not only abſtain from food, but diſ- 
regard their own ſafety, for at this time they 
bet not make any efforts to avoid being 
taken. | CFF 
I can aſſign no other cauſe; but that phy- 
ſical neceſſity Which compels the individuals 
of different ſexes to approach each: other at 
this ſeaſon. Under the dominion of this in- 
fluence, which, in theſe amphibious: crea= 
tures, as in other animals; is-probably more 
ſtrongly felt by the male than the 1 ale, 
they go in queſt of each other and copulate. 
The copulation muſt laſt till their mutual 
neceſſities are ſatisfied; this neceſſity, in the 
female, conſiſts in the expulſion of the fe- 
tuſes, and in the male, in the emiſſion of ſe- 
men; for the amorous impetus is occaſioned 
and exalted by this fluid, with which the 
ſpermatic veſſels are gradually filled during 
their embraces. Their pertinacity may have 
indeed another origin; they may fear, leſt if 
they ſhould quit their female, ſhe ſhould be 
occupied by another male; we know that 
0 F 4 animals 
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animals are not exempt from jealonſy ; and I 
have had occaſion to remark, that it is parti- 
cularly vehement in thoſe of which we are 
ſpeaking. Their amorous ardour, which, at 
this ſeaſon, ſeems to be their only feeling, 
may render them inſenſihle to the call of 
hunger. and to danger. The long adheſion 
of the male to the female, and the neglect of 
themſelves, 1s not peculiar to frogs and toads, 
but extends to various other animals, as we 
every day obſerve in inſects, and in ſome ani- 
mals of conſiderable fize; as in the turtle, of 
Which naturaliſts - have obſerved, that the 
male and female continue attached to each 
other for ſeveral days; and in this ſituation, 
the fiſhermen eaſily take them together.. 
XCIX. VI. This blind ardour of the male, 
has furniſhed me with an opportunity of at- 
tempting ſome uncommon experiments, with 
an account of which, I hope my readers will 
not be diſpleaſed. In paragraph XLI it is 
faid, that if a couple of the ſpecies of toad 
with red eyes and dorſal tubercles, happened 
to eſcape out of my veſſels, when coupled, 
the male did not quit the female, notwith- 
ſtanding ſhe got to dry ground. I was fur- 
ther deſirous of knowing, whether a ſepara- 
tion would take place in conſequence 6f vio- 
lence. I therefore ſuſpended a male, by a 
thread tied to one of his hind feet, for a quar- 
ter of an hour; he would not, however, 160ſe 
his hold, notwithſtanding the long continu- 
ance of this violent attitude, and the weight 
of the female, which was ſo much larger than 
bimſelf. I next pricked him with a needle 
in the hind legs, the thighs; the back, ſides 
and head, till the blood iſſued out at every 

J I It ee © a Og PE puncture. 
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puncture. He would move and writhe, and 
3 out and contract his body, but did 
not quit his hold. I afterwards cut the body 
in various parts with ſciſſars; but this expe- 
dient was ſtill ineffectual; nor would he for- 
fake his ſituation, when I cut away ſmall 
pieces of fleſh; I even amputated a thigh 

without effect, and it was not till after thir- 
teen hours, that the male, after ſo much tor- 
ture, parted from the female, and expired the 
fame inſtant. | 1 hs 

I ͤ put another male to this female, and as 
ſoon as he had clafped her cloſely, cut off 
both his thighs without cauſing a ſeparation : 
and what is more ſurprizing, the female be- 
gan to diſcharge the cords three hours after- 
wards, and the male, with his blood flowing 
all the time, continue to impregnate them 
with ſemen, till the whole was diſcharged. 
The impregnation was effectual, and, as 
uſual, the greater part of the fetuſes were 
evolved. e bo 

Il ſeparated the male of another couple by 
force, and then cut off his two thighs. He 
was left with the female, that it might be 
ſeen, whether he would reſume his employ- 
ment; an event which actually took place, 
but he died before the excluſion of the cords. 
My laſt experiment conſiſted in cutting off 
the fore- feet of a male, and putting him to 
a female, Now the fore-feet enable the 
male to claſp the female ſo cloſely. The 
ſubject of my experiment inſtantly leaped 
upon her back, as if he had ſuffered nothing, 
and maintained his poſition, embracing her 
with his bloody ftumps, till he had fprinkled 
the cords with ſeminal fluid. Toon - | 
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C. I will not enter into the particulars 


of other like experiments, that were made 


upon the fetid terreſtrial toad and frogs. 
v1ll only obſerve, that they coincided with 
thoſe I have related: the amputation of the 
Umbs neither preventing the embraces nor 


fecundation. Jay, even the decapitation 


of a frog, did not prevent either the one or 
the other. It is well known, that theſe ani- 
mals are ſo tenacious of life, that this opera- 
tion does not take it away immediately. 
That of which I am ſpeaking was thrown 
into convulſions, but neither the fore-feet 
nor legs quitted the breaſt of the female, 
which brought forth her fetuſes in an hour 
and three quarters, and I was an eye-witneſs 
of the male's beſprinkling them with ſemen; 


that 375 were fecundated, there can be no 
in 


doubt, ſince they came to life at the uſual 


time. As ſoon as he performed this opera- 


tion, he deſerted his ſituation, and died four 


hours afterwards. 


The toad mentioned in paragraph X CIII, 
was alſo the victim of an experiment of the 
fame fort. In Auguſt 1779, at Genthod, the 
delightful villa of Mr. Bonnet, I cut off both 
the thighs of a male of that ſpecies, while it 
was embracing the female; but without ef- 
fecting a ſeparation, which did not take place 
till many hours afterwards, a little before the 
death of the animal. Beſides Mr. Bonnet, 
Mr. John Trembley was preſent at this ex- 
petiment. I was aſked, whether this perti- 
nacity of the male was the effect of ſtupidity, 
inſenſibility, or amorous ardour. Though 
this appeared to be one of thoſe queſtions, of 
which the determination requires, that one 

N ſhould 
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ſnhould enter into an animal without at the 
ſame time becoming one; yet I heſitated not 
to ſay, that I thought, as I now do, that this 
perſeverance was leſs the effect of obtuſeneſs 
of feeling, than vehemence of paſſion, Which, 
as we have ſeen, renders them inſenſible to 
the call of hunger, and careleſs of their ſafety 
(XCVIII). Such a e of ſtupidity can- 
not, I think, confiſt with the great irritability 

of theſe animals, and the ſigns they ſhew of 
keen feelings, whenever they are wounded, 
or have their limbs cut off during their 


_ Amours., 


Cl. VII. Swammerdam, in his account of 
the generation of frogs, ſuppoſes, that the 
eggs do not immediately paſs from the ovaria 
into the oviducts, but that they paſs firſt 
through the abdomen. He reſts bis opinion 
upon the inſtance of a frog, in which he 
found the eggs partly in the ovaria, and 
partly in the abdomen, beſides thoſe which 
were already in the oviducts and uterus. 
Roeſel, Hetking of the dark-brown terreſ- 
trial frog, ſays, that he has found many 
eggs in the abdomen, without, however, 
adopting or rejecting the opinion of Swam- 
merdam. Of theſe eggs, or more properly, 
of theſe tadpoles, lying looſe in the cavity of 
the abdomen, I have already ſpoken (LXVII); 
but if I may confeſs what I think, I have no 
inclination to accede to the opinion of the 
Dutch naturaliſt. I ſhould imagine, that if 
the fetuſes were to paſs through the cavity of 
the abdomen before they entered the oviducts, 
they would frequently be found there in fe- 
males during copulation, ſince they are ſo 
often found in the oviductę and uterus. _ 
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the contrary is true. I wiſh to avoid the 
charge of oſtentation, when I obſerve, that 
having kept an account of the number of 
frogs and toads, which I have opened at the 
time of their amours, for this and the fol- 
lowing diſſertation, I find that it amounts to 
2027; nor did I ever find the fetuſes in the 
cavity of the abdomen, except on three oc- 
caſions, of which two are mentioned in pa- 
ragragh LXVII, and the other in CXXII. 
Jam much more diſpoſed to believe, that fe- 
tuſes paſs immediately from the ovaria to the 
oviducts. Hence I think,, that if ever they 
get into the cavity of the abdomen or thorax, 
it proceeds from their never having got into 
the oviducts, or from ſome laceration, as is 
intimated in paragraph LXVII. Let the im- 
partial reader determine. r 

II. VIII. The fetuſes, after having tra- 
verſed the long and tortuous canal of the ovi- 
ducts, are all collected in the uterus, whence 
they paſs into the rectum, and then out at 
the vent. The diſcharge, in one ſpecies of 
toad, is aided by the male. Placed as uſual 
upon the back of the female, and claſping 
her with his fore- feet, he waits impatiently 
for the expulſion of the cord (in this ſpecies 
there is only one cord); at the inſtant of its 
appearance, he lays hold of the end with his 
toes, and draws out a piece of the cord; this 
man@urvre is repeated till the whole cord is 
extracted. So intent is the male upon his 
employment, that he may be taken and placed 
upon the hand. And though this may cauſe 
ſome interruption, yet he will ſoon reſume 
his taſk with equal ardour. This informa- 
tion is owing to a caſual obſervation of Mr. 
: 125 Demours, . 


D188 ERTAT ! ON I. 77 


Demours, on the ſmall ſpecies of terreſtrial 
toad; as he denominates the animal, he faw 
nothing from which he could collect, that 
the male bedews the eggs with ſemen, while 
he is employed im extracting them (a. 
It is to be lamented, that the French ob- 
ſerver did not particularly deſeribe the ſpecies. 
It is certainly different from either of thoſe, 
of which I have treated; ſince I could never 
obſerve, that the male aſſiſted in bringing 
forth the young, while it was eaſy to fee, 
that he bedewed them with ſemen. Roeſel, 
who mentions this fact incidentally, adds, 
that he never obſerved any appearance that 
could be compared with it: it might hke- 
wiſe have been expected, from the accuracy 
of the obſerver, that he ſhould have taken no- 
tice whether the eggs were productive, ſince we 
might have hence collected, whether they 
are impregnated within the body of the fe- 
male. It were alſo to be wiſhed, that ſo in- 
tereſting an obſervation ſhould have been re- 
peated. In ſhort, the fact being ſolitary, 
and happening unexpectedly, ſhould have 
been confirmed, and the narration ought ra- - 
ther to awaken than fatisfy the curioſity of 
the philoſopher. —_ Cp. ot IR 
CHI, 1%. Daily experience ſhews, that in 
an immenſe number of animals, fecundation 
takes place within the body of the female. 
It might perhaps be thought, that we are 
warranted to conclude, from analogy, that 
this is an univerſal law of Nature. And it 
has accordingly been admitted as ſuch by 


% The reader will find tis very eurious obſervation? 
related at full length in the Appendix. T. 
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vulgar reafoners. But as on many other oc- 
caſions, when the Jaw was ſuppoſed to admit 
no exception, ſo on this, analogical argu- 
ments have been found to diſagree with ex- 
periment. Swammerdam firſt ſhewed, that 
umpregnation is effected without the body of 
the female in one ſpecies of frog; and Roeſel 
extended this diſcovery to another amphibi- 
ous animal of a ſimilar kind. I have had the 
ſatis faction to diſcover this external fecunda- 
tion in other ſpecies of frogs and toads, and 
have, moreover, clearly beheld the fecundat- 
ing liquid iſſuing from the male, and falling 
on the fetuſes, — they were expelled from 
me uterus of the female (Chap. I, II, HI, 

. 5 . ; | 
CIV. But we know, that befides the ſpe- 
cies, in Which it has been found that im- 
Pregnation is external, there are many others 
included under the genus of frogs, as well 
as that of toads, both European and foreign. 
We ſhall be convinced of this, by opening 
any modern nomenclator, as Linnæus for 
inſtance. What then are we to conclude, 
concerning the mode of fecundation in them? 
From theſe conjectures we may be willing 
to believe, that it is the ſame in the ſpecies 
that have not been examined. But we can 
not be certain without experiments. Among 
thoſe, which in this reſpect require to be 


examined by the naturaliſt, the famous toad 


of Surinam, denominated wy the natives 
Pipa or Pipal (a), fo remarkable for its pro- 
(a) Pipa (Rana) Digitis anticis muticis quadridentatis, 


poſticis unguiculatis. Linn. S. N. T. 1. 
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py of bringing forth the young at the 
ack, would, in my opinion, deſerve the 
preference. | FF 

The celebrated Merian, who, with courage 
truly heroic, went from Holland to America, 
towards the cloſe of the laſt century, to ob- 
ſerve the inſects of that unwholeſome climate, 
firſt made us acquainted: with this animal. 
It was afterwards examined by the aeuteſt 
naturaliſts, by Ruyſch, Folkes, and Baker, 
and found exactly to agree with the defcrip- 
tion left by that illuſtrious lady. Its back 
has cavities or cells, each containing 2 young 
toad. I had myſelf the ſatisfaction of ſeeing 
this rare and indeed ſingular phenomenon, in 
the public inſtitute of Bologna, and to ſtill 
greater advantage laft year at Geneva, in 
company with my reſpe&able friends Bon- 
net, Senebier, Abraham and John Trembley. 
Nay, the poſſeſſor, who had many years 
kept it in ſpirits of wine, obhgingly afforded 
Mr. Bonnet and myſelf an opportunity of 
making a number of obſervations upon it ; 
and above all, to examine at leiſure the dorſal 
cells, which were- very numerous, and of 
which each contained a fetus. Theſe obſer- 
vations, together with others, which my i- 
luſtrious colleague made after my departure 
from Geneva, may be found in a Memoir 
printed in Rozier's Journal, which at once 
thews the learning and good ſenſe of the au- 
thor, as well as his impartiality with reſpect 
to his own opinions. ng denied, in his 
Corps organrses, the exiſtence of the cells, on 
the authority of a celebrated profeſſor at 
Leyden (a), he not only confeſſes in the Me- 
3 (a) Mr, Allamand. | 
| moir, 
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moir, they are not to be found, but deſcribes 
them in a manner ſo particular, as to remove 
all doubts concerning their exiſtence. He 
concludes with propoſing feveral queſtions, 
calculated to illuſtrate the natural hiſtory of 
this wonderful native of Surinam, Which is 
vet dark and imperfect. It is eaſy to ſup- 
poſe, that the Geneveſe philoſopher would 
not overlook what relates to the manner of 
impregnation. But we cannot hope for the 
ſolution of this, any more than the other 
queitions, except upon the ſpot where the 
pipa lives, and propagates its ſpecies, if we 
cannot naturalize it, as Valliineri naturalized 


the cameleon of -Africa. | 


But befides frogs and toads, it is ſuppoſed, 
that fecundation is external in ſcaly fiſhes. 


When the female has laid her eggs, the male 


is faid to go in queſt of them, and ſprinkle 
them with ſemen. There is then no real 
copulation between theſe animals, though the 
male approaches the female at the ſeaſon of 
their amours, and is ſometimes ſeen to rub. 
his belly againit that of his mate; this ap- 
pearance takes place, becauſe. the male im- 
pregnates the eggs at the inſtant they fall 
from the female. This is the opinion of 


Buffon (42); and the manner in which he de- 


livers it, would lead us to ſuſpect, that he 
had the moſt certain proofs of it, though he 
has in truth no better foundation for it, than 
the notion which was generally prevalent till 
the time of Swammerdam (5), that the ce- 
taceous claſs impregnates the eggs without 
copulation. This notion was not, I think, 


(e) Nat. Hift. T. 2. p. 313. (5) Bibl. Nat. 
| ſupported 
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ſupported by any obſervation upon which re- 
liance could be placed. Hence it is no won- 
der that other naturaliſts, and among the reſt 
the illuſtrious Haller, thould incline to be- 
lieve, that fiſhes really copulate for ſeveral 
reaſons, which cannot properly be recited 
here, but may be ſeen in his great work. 
Though theſe reaſons have far greater weight 
than the bare affertion of Buffon, yet I can- 
not think them deciſive, as they are deſtitute 
of facts, by which alone the problem can be 
diflolved. © 

The mode of fecundation in fiſhes ĩs veryex- 
traordinary, according to Linnæus; he ſup- 
poſes, that the female purſues themale while be 
is emitting the ſemen, and devours it, and thus 
is impregnated (a). In the time of Valliſneri, 
there lived at Rome a phyſician, who taught 
that pigeons, ſparrows, and many other 
animals, were fecundated by the mouth (5): 
Both theſe opinions are palpably falſe. Fe- 
male fiſhes have, indeed, been obſerved to 
ſwallow the ſemen, not becauſe it then ſerves 
to impregnate them, but fimply for food. 
The male devours it with equal greedineſs 
for the ſame reaſon. The fame obſervations 
are applicable to the eggs. | 

CV. Hence it appears, that we know not 
certainly the mode of fecundation in fiſhes. 
The element they inhabit, is ſo much more dif- 
ficult of acceſs than the land and air, that we 
cannot wonder the natural hiſtory of fiſhes 
is ſo little advanced. Having often meditated 
upon this ſubject, which is yet among the 
myſteries of nature, I have been ſtruck by a 


() Sponſ. Plant: {5) Valliſm. op. in fogl. T. 3. 
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thought, which my other occupations have 
not yet permitted me to bring to the teſt of 
experiment. I willingly lay it before my 
readers. The golden fiſhes of China (a) are 
now very common. Italy in particular a- 
bounds with them, there being ſcarce a pond 
that is not ſupplied with them. The beauty 
of their colours induces many to keep them 
in veſſels in their apartments. The amours 
of theſe fiſhes happen ſeveral times a year, 
and as they have little timidity, they do not 
deſiſt from their employment when the ob- 
ſerver ſtands cloſe to them. The reader is b 
this time in poſſeſſion of my ideas. Let theſe 
fiſnes be carefully watched when they are 
bropagating their ſpecies, and we ſhall ſoon 
now, whether they really copulate, or 
whether the male darts his ſemen upon the 
eggs aſter they are diſcharged, or, in ſhort, 
whether fecundation takes place in any other 
way. If it is external, the aſperſion of the 
ſemen cannot eſcape the attentive obſerver, as 
it is of a turbid colour. I will not ſtay to 
point out the means of aſcertaining whether 
the eggs are fecundated, and in what man- 
ner, as the reader may gather them from the 
preceding obſervations on the generation of 
amphibious animals. LOT 
CVI. Recent obſervations ſeem to have 
eſtabliſhed the certainty of external fecunda- 
tion in bees. If the ingenious obſervations () 
of Mr. Debraw may be relied upon, the eggs. 
of this induſtrious infe& are impregnated at- 


(a) Cyprinus auratus, pinna ani gemina cauda tranſ- 
verſa brfurca. Linn. S. N. T. 1. | | hs 
() Philoſoph. Tranſ. Vol. LXXII. 
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ter the queen has diſcharged them. She, as 
it is well known, depoſits them in the cells. 
The Engliſh naturaliſt obſerved, that when 
they are accompanied with a whitiſh liquor, 
which the male voids from the poſterior part 
of his body, they never fail to be productive; 
but when this liquor is not preſent, they are 
ſure to periſh. The author kept an hive 
without drones. The queen laid her eggs, 
as uſual, but as they were not impregnated 
with the white liquor of the male, they pro- 
duced no young. | 
The experiment was varied in the follow- 
ing manner. An unimpregnated hive was 
divided into two parts, of which one was ſet 
under a glaſs-bell; in this was a queen, to- 
_ gether with working bees, but without 
males, the eggs were not productive; but the 
_ contrary happened in the other part of the 
hive, which was likewiſe ſet under a glaſs- 
bell, and contained, beſide a queen and 
common bees, a quantity of males. And the 
eggs were impregnated by the white liquor 
which the males void in the cells containing 
eggs. The diſſection undertaken by the 
Engliſh obſerver proves, that this liquor is 
the true ſemen ; for he found it in thoſe veſ- 
ſels of the male, which are univerſally ſup- 
poſed to be appropriated. to the reception of 
the ſeminal fluid. | 
From this it appears, that the two natural- 
iſts, who have written ſo well concerning 
bees, have fallen into error. Swammerdam 
thinks, that exhalations from the males are 
abſorbed by the female, and ſerve to fecun- 
date the eggs; while Reaumur has been led 
by deceitful appearances to ſuppoſe, that theſe 
"RS inſects 


VVV 


inſects perpetuate their kind by real copula- 
tion. Moreover, the faſpicion entertained 
by the celebrated Maraldi, is completely ve- 
rified; this writer, in his obſervations on 
bees, conjectures, that the eggs are impreg- 
nated after they are laid, by the whitiſh mat- _ 
ter above deſcribed; he, however, was not 
diligent to enquire further. PR: 

From what has been ſaid on external fe- 
cundation, it appears, that the number of 
animals, in which we are certain that this 
mode takes place, is very inconfiderable. We 
may preſume, that the induſtry of obſervers 
will increaſe it, for many other diſcoveries 
have been extended to a multitude of ſub- 
jets, though they at firſt ſeemed to be con- 
fined to a ſingle ſpecies. 1 

CVII. X. Fecundation in newts is ac- 
companied with circumſtances, that are not 
common to other animals, and deſerve to be 
confidered. The fetuſes (for the elongated 
bodies, ſuppoſed to be, eggs are only young 
newts not yet unfolded LXXXVII), are im- 
5 within the body of the female. 
But the male does not introduce into her any 
= that characterizes the ſex, for, in truth, he 
las not any ſuch part; he only darts his ſe- 
men into the water; the ſemen gets into the 
anus of the female prepared to receive it, and 
thus ſhe is fecundated. And here occurs 
another fingularity that deſerves to be no- 
ticed. According to the general opinion of 
the beſt anatomiſts and phyſfiologiſts, the 
ovaria are the ſeat of fecundation ; but this 
cannot be the caſe in the newt. When the ſe- 
minal fluid gets to the inferior orifice of the 
oviducts, it cannot poſſibly paſs any * 
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for its paſſage is ſtopped by the fetuſes, Which 
now OCcupy more or leſs of theſe canals, and 
are generally thickeſt at the mouth. The 
ſeminal fluid then ſtops here, and moiſtens 
the fetuſes as they come forth. Theſe are; 
the only ones that are fecundated ; but they 
are ſucceeded by others, which are in like 
manner fecundated by new emiiſions: of ſe- 
men, and ſo on till all are impregnated. I 
ſuppoſe: the reader to recollect paragraghs 
LXXX, LXXXI, LXXXII. LXXXIV, 
L XXXV. upon which theſe deductions are 
found“! i, WY ee. DE OT 
CVIII. XI. Though the chief object of this 
diflertation is generation, yet I have hitherto: 
conſidered it in a few animals:only. I thall 
now extend my ideas, and make uſe of the 
data which my experiments afford, as princi- 
ples that will prevent me from falling into 
error in this intricate enquiry. The moſt 
celebrated ſyſtems concerning generation may 
be reduced to two: the one attempts to ex- 
plain the formation of animated beings me- 
chanically ; the other ſuppoſes, that they are 
already formed and pre-exiſting, and that the 
act of fecundation only unfolds them, and 
renders. them viſible. Thoſe ; who favour: 
this ſecond ſyſtem, are divided into two 
parties; ſome naturaliſts being of opinion, 
that the fetus pre- exiſts in the female, and 
others in the male. It is generally known, 
what efforts the eloquent Buffon has made to 
bring the former ſyſtem (which is called the 
ſyſtem of Epigeneſis, and is of more an- 
cient date) into repute, by means of his fa- 
mous organic molecules. The powerful op- 
poſition that has 2 made to this ſyſtem, 
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is alſo well known. It has been ably refuted 


by the great Haller, not only in his phyſio- 
logy, but alſo in a feparate publication, en- 
tituled Reflections on the Syſtem of Generation 
of Mr. Bujjon. The arguments adduced by 
Mr. Bonnet in his Corps organiſes, are not leſs 
cogent. Obſerving, however, that the ob- 
jections of both Haller and Bonnet, though 
of great moment, are not direct, fince theſe 
writers have not enquired into the exiſtence 


of the organic molecules, which conſtitute 


the baſe of Mr. Buffon's edifice, I conceived 
it neceſſary to enter into an examination of 
them, and have found that this ſyſtem, like 
all his other favourite hypotheſes, is the pro- 
duct of his fervid fancy, which ſo repreſents 
ſhadows, as to make them appear like realities 
to thoſe, who have not a confiderable ſhare 
of diſcernment, I flatter myſelf, that my 
Effays (a) prove the truth of my aſſertions. 

The preceding obſervations on amphibious 
animals, furniſh another irrefragable argu- 
ment againſt the French naturalift. He 
thinks that the fetus does not exiſt before fe. 
cundation, but is formed during this act, for 
then the organic molecules, which are, ac- 


_ cording to him, the eſſence of the ſemen of 
the male and female, meet and combine in 


the uterus, and by virtue of certain relations, 
are modelled into an organized body. But 
my obſervations on frogs, toads, and'newts, 
are diametrically repugnant to this imaginary 
theory. They prove, that the fetus exiſts in 
the female long before impregnation (XVIII, 


(a) Opuſeoli di fiſica animale e vegetabile. Modena 
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XIX. XXX. LIV, LV, LVI, LVII. LXXII. 
XCI). Now this is probably the cafe in 
other animals. My experiments, indeed, 
were all made upon animals of cold blood; 
and this circumitance may afford room to 
doubt, whether the conclufion is to be ex- 
tended to thoſe of warm temperature. But 
all ſuſpicion muſt be removed, now the fame 
obſervations have been made upon this claſs. 
] allude to this luminous diſcovery of Haller, 
who has ſhewn, that in birds the young exiſts 
in the female before fecundation; but as this 
diſcovery is very generally known, it will be 
unneceſſary to relate it here. As then we 
have, both in the claſs of cold and that of 
hot animals, inſtances of the pre-exitence 
of the fetus, I can fee no reaſon, why we 
ſhould not apply the obſervation to the reſt. 
We have at leaſt, til} the contrary ſhall be 
proved, gave grounds for believing that this 
35 the c ths 
IX. But theſe obſervations lead to other 
conſequences. I have remarked, that thoſe 
who admit the pre- exiſtence of the fetus, are 
divided into two parties, of which one be- 
lieves, that they lie in the female, the other 
in the male (CVII). According to the latter, 
the fetuſes are the worms that float in the ſe- 
men, and paſs, during coition, from the 
male into the female. But the falſity of this 
opinion is now obvious: In paragraph VIII. 
1 obſerved, that after the ovitorm corpuſcles, 
or the mature fetuſes of the green aquatic 
frog, have deſcended into the uterus, the 
ovaria contain others of a ſmaller fize, which 
ſerve the year following to continue the 
ſpecies, The like remark was made (LXVI 
| "WA 2 and 


/ 


8 DISS ERTATION L. 
and LXXXV), concerning the fetid terreſ- 


trial toad and water-newt. I may now add, 

that I have diſcovered the fame thing in the 
other amphibious animals mentioned in this 

work; ſo that we may ſafely ſay, that the 


16 YE little fetuſes are to be found in the ovaria, at 
= leaſt a year before theſe animals ſeek each _ 
9 bother for the purpole of generation: they do 
4 | not, therefore, paſs from the male to the fe- 

1 male during the act of fecundation. 

44 Here it is proper to anſwer a queſtion that 
10 may be aſked. It appears from the obſerva- 
Th tions of naturaliſts, that theſe ſeveral ſpecies - 
6 of amphibious animals begin to propagate 


the ſecond year. And it is probable, that 
they continue to do this as long as they live; 
that is to ſay, for a conſiderable ſeries of 
years; we have at leaſt Roeſel's authority for 
believing that frogs live ten years or lon- 
ger (a); and it fecms likely, that toads come 
near them in this reſpect. Let it then, be 
1 that they propagate for nine years. 
e 
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| The females will exclude nine ſucceſſions of 
== fetuſes. If we examine the females during 
121 he firſt of thei h, we ſhall no 
44 the firit year ot their growth, we inail not 
19 find any fetuſes in the ovaria. We are not 
able to diſtinguiſh any before the ſecond 


year, when two ſets appear, viz. the mature 
ones, thoſe which are to be brought forth 
that year, and the immature ones, which will 
be produced the ſucceeding year. That year 
the third ſucceſſion of fetuſes becomes viſible, 
() If any concluſion may be deduced from the cu- 
rious account of a toad in the Appendix to the Britiſh 
Zoology, the term here affigned is too ſhort. The in- 
dividual there deſcribed is faid, if I remember right, to 

ave lived at leaſt thirty-fux years. T7. 
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and the fourth year the fourth ſucceſſion; 
and in this manner one ſuceeſſion only ever) 
year. Now it may be aſked, whether theſe 
orders of fetuſes, which ſucceſſively appear in 
the ovaria, pre-exiſted in them without 170 
viſible; ſo that they are only evolved, an 
rendered conſpicuous by time, or rather whe- 
ther they are formed in ſucceſſion, a new or- 
der being annually generated. LOL #4 
I ſhould. reply without heſitation, that as 
it is by no means proved, notwithſtanding 
the efforts of the modern favourers of Epi- 
geneſis, that any ſuch formation of organic 
bodies takes place, either in the animal or 
vegetable kingdom, and as all Nature abounds 
withſſuchevolutions, according to theaccounts 
of the moſt judicious philoſophers of this 
age, it is natural to ſuppoſe, that theſe orders 
of fetuſes, which annually make their ap- 
pearance in the ovaria, are not ſucceſſively 
generated, but co- exiſted with the female, and 
are only unfolded, and rendered viſible in 
progreſs of time, by the ſupplies of nutri- 
tive liquor that come from the female. This 
co- exiſtence of ſucceſſive orders of fetuſes, 
Which become viſible in the ovaria, is ana- 
logous to that which takes place in the limbs. 
Tadpoles have at firſt no legs. Theſe parts 
Nee only when they are about to aſſume 
the lineaments which characterize the ſpecies. 
Shall we therefore conclude, that they do 
not exiſt at firſt, but are generated when the 
tadpoles approach their metamorphoſis ?. Is it 
not infinitely more philoſophical to ſuppoſe, 
that the limbs co-exiſt with the tadpoles, 
and are inviſible, only becauſe they are too 
{mall to ſtrike the ſenſes? And if it is _— 
E 5 able, 
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able to adopt this opinion concerning the 
limbs, ſhall we not alſo admit it with reſpect 
to the fetuſes of theſe animals ? e 
CX. XII. If I paſſed over in ſilence the 
ſingular, and I think, new opinion of Mr. 
Gautier, concerning the generation of frogs, 
J ſhould deviate from the ſincerity which 
every philoſopher ought to practiſe, In a 
publication entituled, O4/ervations ſur J G1 
rorie naturelle, ſur la phyſique, &c. after 
ſpeaking of ſome ſmall worms, which he 
ey. in a vehicle in the cavity of the 
abdomen of the male, he adds, that they are 
the real efficient cauſe of generation. I muſt 
quote. his own expreſſions: La grenouille 
male montẽe & fortement attachee ſur la fe- 
melle attend les inſtans que les oeufs s'econ- 
lent de la femelle: il jette alors ſes embrions 
tels que je les ai appergus, ils s'attachent aux 
oeufs, & s'en nourriſſent de quelques 
oient En etat de fe 
nourrir dalmens plus groſſiers. Ces em- 


brions conſervent la meme: figure qu' ils 


avoient dans la veſicule du pere, pendant Veſ- 
pace d' environ un mois, temps au quel ils 
quittent cettent figure, comme font les vers 
a ſoye dans le cocon. IIs developpent leurs 
pattes poſterieurs qu'ils ecartent enfin: ce 
ſont ces pattes qui unies dans T'embryon, for- 
ment la queue du tetard embryon de la gre- 
nouille. SUS | es 5 
As the book was publiſhed in 1752, I have 
had ſufficient time to examine the diſcovery. 
My firſt ſtep was to ſeek for the bladder con- 


_ taining the worms in the abdomen of the 


male. It was eafily found, being no other 


than the urinary bladder, as may indeed' be 


collected 
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collected from the deſcription of the author; 
in this I moreover found the worms; they 
are about the thickneſs of a thread, of a yel- 
lowiſh white colour, without rings, a line 
and a half in length; they are almoſt perpe- 
tually in motion, and have one extremity at- 
tached to the inſide of the bladder. So far I 
agree with Mr. Gautier; but J cannot, 
with him, conſider the worms as the fetuſes 
of the frog, for the following reaſons, which 
I think decifive. They are likewiſe to be 
found in the bladder of the female, whereas 

they ought to exiſt only in the male, if they 
were wha the French naturaliſt fuppoſes 
them to be. Secondly, I have opened an im- 
menſe number of frogs during the time of 
copulation, but have by no means found theſe 
worms in all of them. Thirdly, They never 
exceed twenty in number, whereas the fe- 
tuſes, from my obſervations and thoſe of 
Swammerdam, appear to amount to about a 
thouſand in every female. Fourthly, After 
fecundation the male onght not to contain 
any, but J have found that the number is not 
leſſened. Fifthly, As theſe worms adhere 
to the ſuppoſed eggs, and feed upon them 
for ewe days, I muſt have alſo ſeen them, 
_ eſpecially as they are viſible to the naked eye. 
J can, however, truly aſſert, that notwith- 
ſtanding all my attention in examining the 
eggs, both externally and internally, I never 
could perceive any veſtige of them. I ſhall 
deduce a fixth argument from the artificial 
fecundation ſpoken of in the next diſſerta- 
tion; which conſiſts in touching the fetuſes 
extracted from the females with the ſemen of 
tae male, though that fluid ſometimes ap- 
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| peared deſtitute of living inhabitants, even 
When examined by the microſcope. Theſe 


reaſons oblige me to reject the pretended diſ- 
covery of Mr. Gautier. Iwill not pronounce! 
it to be a mere fiction: I will rather ſuppoſe, 
that ſome fallacious appearance has miſled. 
him, in conſequence of. his inexperience in 


obſerving frogs, and his.ignorance;concern-: 


ing their internal ſtructure, though it is ex- 
ceedingly obvious. That this is the caſe 


every naturaliſt will perceive, from the paſ- 


ſage in which Mr. Gautier affirms, that the 
hind legs of the tadpole, by their union, form 


the tail of this animal. 
Baia che avanza in ver quante novelle 


Quante mai diſſer favole o carote 
Stando al foco a filar le Vecchierelle. 


Thoſe who ſhall have the curioſity to read 
his book, will learn, that the female frog 
has no uterus, that the tongue is fixed to the 
anterior margin of the palate, that the kid- 
neys of the frogs are alſo the teſticles, &. 


It is not, therefore, matter of ſurprize, that 


Roeſel ſhould treat him with ridicule, and: 
conclude, non ſolum itaque aſſerere audeo pa- 
rum in anatomia Ranarum profeciſſe Gautie- 
rium, fed addere etiam non ambigo, -ipſas 
ranas eundem vix habere cognitas. And 
as the Pariſian naturaliſt, in the relation 
of his diſcovery; modeſtly obſerves, that if 
Pythagoras had made one equal to his, he 


would have ſacrificed another hecatomb to. 


the Gods. The German obſerver retorts ; 

Ego vero crediderim, ſi fieri poſſet ut Gau- 

tierius Pythagoræ quæ invenerit, enarraret, 
5 hunc. 
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hunc ipſi non ſilentium biennii vel quin- 

uennii, quod diſcipulis ſuis imponere ſolebat, 
| {ed perpetuum eſſe inj uncturum. 
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EXAMINATION OF SOME RECENT OBJ]EC- 
TIONS MADE AGAINST THE SYSTEM OF 
THE PRE-EXISTENCE OF THE GERM IN 

THE FEMALE, | | 


CXII. R. Pirri, a celebrated phyſician 

and philoſpher at Rome, is the 
author of theſe objections. To a ſenfible 
work on the theory of putrefaction, wherein 
he declares in favour of the Count de Buffon's 
ſyſtem of generation, he has prefixed ſome 
reflections concerning the reproduction of 
organic bodies, in which he attempts to 
overturn the principal arguments of thoſe 
who adopt the hypotheſis of pre-exiſtence of 
germs. In the firſt place he quotes and at- 
tacks two diſcoveries, one made by Haller on 
the chicken (CVI1I), the other by me on frogs, 
and mentioned in my Proſpectus. Let us 
beſtow a little attention on both, and begin 
with that which belongs to me. The 
learned Abbe Spallanzani, a name now fo 
dear to his country, ſays he p. 7, has related 
another fact not lets intereſting than thoſe al- 
ready mentioned, nor in appearance leſs fa- 
vourable to the doctrine of Palingeneſis, o 
W Wn 3 ; * t e 
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the pre- exiſtence of germs in the eggs of the 
female, and by which the importance of the 
function of the male is very much leſſened. 
He watched the inſtant when the eggs are 
extracted and fecundated by the male. Du- 
ring this operation he killed the female, and 
by the aid of the microſcope, that inſtrument 
which has ſo often impoſed both on our 
ſenſes and underſtanding, he found, that both 
the impregnated and the unimpregnated eggs, 
which lay in the uterus, contained a tadpole 
bent in ſuch a manner, that the tail was con- 
tiguous to the head. The young animal was 
diftinguiſhed by its black colour. In the 
impregnated eggs it was alive and in motion, 
but in the others it lay in a profound le- 
AEy It was proper to tranſcribe the ex- 
preſſions of Dr. Pirri, as they by no means 
agree with my relation of the ' diſcovery in 
the Proſpectus. The reader muſt allow me 
to quote my own words. After remarking, 
that the impregnated and unimpregnated eggs 


of the frog are perfectly alike, and that the 


* 


this is far from being the caſe with the for- 
mer. They loſe their round ſhape, and elon- 
gate without ſenſibly increaſing in bulk, 
though they afterwards manifeſtly grow. 
The ſurface of the whitiſh hemiſphere turns 
darker, and upon the black hemiſphere ap- 
pears a longitudinal furrow, terminated by 
two proceſſes, which become gradually long» 
er, and take the direction of the long diame- 
ter of the egg. The furrow and proceſſes 
grow, and in time nearly burſt out from the 
fide of the egg, which yet retains the ſhape 
of an oblong globule, with a prominence on 

_ at one 


latter are not productive, I add, p. 51, but 
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one ſide. Meanwhile the whitiſh hemiſphere 


dilates, and the black one is incurvated, While 
the prominence increaſes in length, and it 
now appears, though this is ſill more diſ- 
tinctly ſeen afterwards, to be the tail of the 
tadpole : the curvature on the black hemi- 
ſphere is diſcovered to be the back, and the 
übe on the oppoſite ſide the belly. The 
other extremity now takes on the f ure of 
the head; in the anterior part the veſtige of 
the eyes, which are yet cloſed, becomes con- 
ſpicuous: the two proceſſes, by which the 
animal adheres to bodies, however ſmooth, 
come in ſight, as well as the rudiment of the 
aperture of the mouth; and laſtly the gills, 
3 which the blood may be ſeen to cir- 

culate. 6 N 
The animal does not yet ſhew any figns of 
life or motion, when it is pricked with a 
needle, or ſuddenly expoſed to the rays of 
the ſun, even when collected into a focus, 
though it is afterwards ſenſible of theſe im- 
preſſons £:= : ee 
Such are the pa pe; which gradually 
appear in fecundated eggs, whence it is evi- 
dent, ug 2 g- are 7 as 8 . 1 
genera u ed, eggs, t the tadpoles 
then; — and folded up. F 

It is therefore clearly proved, that the tad- 
poles exiſt before fecundation ; but this in- 
tereſting truth may be more fully ſhewed 
thus: the fecundated eggs differ not in any 
reſpect from thoſe which have not been fe- 
cundated, but the former are the tadpoles 
concentrated and folded up, the latter muſt 
therefore be the ſame; wherefore the fetuſes 
of frogs exiſt before fecundation, and to be 


evolved, 
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idea very different from that whic 
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evolved, want only the fecundating fluid of 7 


the male.” N 
Upon comparing this paſſage with the 

uotation of Dr. Pirri, it is eaſy to perceive, 
that at the time of writing, he had not the 
Proſpectus before him. Firſt he advances 
what is not true, when he afferts, that I made 
uſe of the microſcope, ** that inſtrument 


which has fo often deluded both our ſenſes and 


wnderſtanding ;” except in the paſſage where I 


fay, that I examined the infide of the egg 
with the microſcope, I never ſpeak of it, 
having had indeed no occaſion to make uſe of 
it; for the eggs are to large, as to be capable 
of being examined ſufficiently by the naked 
eye. It even I had been obliged to have re- 
courſe to this inſtrument, I hope I ſhould not 
have incurred the danger which the learned 


phyſician mentions. The microſcope has, in- 


deed, ſometimes been the fourceof error, either 
when-it was ill conſtructed, or in the hands 
of unexperienced perions. But it has, never- 
theleſs, when theſe inconveniencies have not 
been preſent, enriched, and every day enriches 
natural hiſtory with the moiſt important diſ- 
coveries. Whoever, indeed, inall queſtion 
this, will riſque the imputation of being ſup- 
poſed deficient in common ſenſe. 
| Secondly Dr. Pirri fays, that I found both 
the impregnated and unimpregnated eggs td 
contain tadpoles. Theſe words ſuggeſt an 
I have 
expreſſed. I do not ſay, that I have found 
the tadpole to exiſt as well in the latter as the 
former egg, but that both are nothing but tad- 
poles. The expreſſion of Dr. Pirri my 
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the exiſtence of eggs, whereas mine entirely 
excludes them. 

Thirdly, 'The tadpole was, according to 
the objector, ſo bent, that its tail was con- 
tiguous to the head, and it was diſtinguiſh- 
able by its dark colour. 5 

In my Proſpectus Ido not ſay that the colour 
is entirely black, but that one hemiſphere of 
the tadpole, while it retains its round ſhape 
is black, and the other of a dirty White. 
With reſpect to the poſition of the tail, the 
author is far leſs accurate; for I never dreamed 
of aſſerting, that the tail is bent towards the 
head, but that it appears like a prominence 
or appendicula, and 1ncreaſes in length as the 
tadpole grows. This is confined to the im- 
pregnated tadpoles; for the others have no 
tail, though Dr. Pirri would make the reader 
believe, that I attribute this part alſo to them. 

Fourthly, I found this difference, that in 
the impregnated eggs the tadpole was alive 
and in motion, whereas in the others, it was 
motionleſs, and in a profound lethargy. 

I ſhall finiſh theſe ſtrictures upon the ex- 
tract with obſerving, that I never mentioned 
any profound lethargy in unimpregnated tad- 
poles; and ſo far was I from {ing any mo- 
tion in the others at firſt, that I expreſsly 
mention the contrary. Let the reader again 
peruſe the quotation from may Proſpec- 
tus, and he will find that theſe ſtrictures 
are M T „ 

CXII. I ſhall now examine the objections 
_ of Dr. Pirri. They may be reduced to two, 
of which the following is the firſt. My 
diſcovery of the pre- exiſtence of the tadpole, 
reſts upon an obſervation on which W 

V ws confided, 
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confided, as it has the ate Swammer- 
t 


dam; from whom we learn, that in frogs fe- 
cundation does not take place in the uterus, 
but without the body, ſince the eggs are 
touched with the ſemen of the male, after 
they are diſcharged. The Roman naturaliſt, 


relying upon the remarks of Roeſel, ſuggeſts 


various doubts with reſpect to this obſerva- 
tion. How, ſays he, can we be certain 
that the eggs of frogs are impregnated after 
they are laid, when Roeſel himſelf confeſſes 
the uncertainty of this, having ſeen an in- 
ſtantaneous contact, which may afford room 


for ſuppoſing, that the ſemen was thrown in 


to the uterus? (p. 15.)” 
When I compoſed my Proſpectus, I was 
not unacquainted with the doubts of Roeſel, 


but I was aware, that they did not deſtroy 


the validity of the contrary obſervation, ſince 


that is pofitive. Roeſel himſelf was ſenſible 
of this, and he does not, therefore, in ſpeak- 
ing of this momentaneous conjunction, queſ- 


tion the fact related by Swammerdam, a cir- 


cumſtance which Dr. Pirri ought to have 
known. But further, he does not only not 


ueſtion what Swammerdam tells, but 


ſtrongly confirms his obſervation in another 


paſſage of his work, where he fpeaks of the 


generation of the green frogs. He ſays ex- 


3 that the male bedews the eggs with 
his ſemen, after they have been diſcharged 
by the female. Simulac autem femella 


ova ſua per anum emittit, maſculus eadem 
ſuo conſpergit ſemine; id quod ipſe domi 
me non ſolum vidi, ſed iteratis etiam viſci- 
bus fieri non ſine admiratione obſervavi (a). 


Ard 


-— 


(a) Hiſt. Rirar, . 56. 
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And to render this external fecundation ſtill 
more evident, he repreſents the male mounted 
upon the female in their natural colours, the 
eggs as they are diſcharged, and the ſeminal 


fluid bedewing them, Fig. 2. Pl. 13. It 


might have been expected from the inge- 
nuouſneſs of my opponent, that he ſhould 
not have ſuppreſſed this important obſerva- 
tion, or rather that he ſhould have ſpared his 
objections. If he entertained. any doubts 
concerning the mode of generation in theſe 
animals, I hope they will be diſpelled by the 
four firſt chapters of this diſſertation. ; 
CXIII. In the ſecond objection, I am ac- 
cuſed of a paralogiſm in the relation of this 
diſcovery. In ſpeaking of the pre- exiſtence 
of the tadpole, by the word tadpole I mean 
the embryo of the frog, or the frog in a very 
ſmall ſtate, diſguiſed under the appearance of 
the tadpole. This offends Dr. . Pirri, who 
conſiders the frog and tadpole as two diſtin 
animals. He concludes, that to make uſe 
of this fact as an unanſwerable argument a- 
gainſt the ſyſtem of Epigenefis, is a fallacy 
that has eſcaped the penetration of the Abbe 
Spallanzani. It conſiſts in confounding the 
appearance .of the tadpole with that which 
belongs to the frog; and falſely ſuppoſing, 
that the tadpole and frog are one and the 
{ame animal. „ 1 
I was indeed apprehenſive, on account of 
my confined talents, that my book” on animal 
reproductions would contain miſtakes, but 
not that to which my learned adverſary ob- 
jects. My confidence was 'grounded upon 
Swammerdam, Valliſneri, Roeſel, and many 
other excellent writers, who all agree in con- 
| | ES oa ao ſidering 


— 


* o 
ee EO EI ITY — 1 


27 34 - rr 8 
- 5 22 
— X — 


— — 
— — 2 , " 2 2 
C 
* — — . — 3 an  ; = 
rr — rey us . ee 3 
2 —445 ſigni A,” ů — 3 Tas n 


4 
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ſidering the tadpole and frog as the ſame ani= 


mal. We know that many inſects / paſs 
throus: the three different ſtates of worm, 
nymph, and winged animal: and thoſe who 
are at all acquainted with natural hiſtory 
know, that theſe different ſtates do not con- 
ſtitute three diſtinct animals, but that the 
ſame animal aſſumes theſe various appear- 
ances; ſo that the inſect equipped with wings, 
exiſted under the membranes of the worm 
end nymph, from Which, when it is freed, 
it iſſues forth in aftate of complete evolu- 
tion. Swammerdam obſerves, that what the 
nymph is to the winged inſect, the tadpole is 
to the frog. For he found the frog in mi- 
mature under the diſguiſe of the tadpole, and 
the winged inſect under the cover of the 
nymph. Both continue in this ſtate only 
tübthey are arrived at a proper period or ſtate 
of maturity, when they throw off their old 
habiliments, and aſſume their proper form. 
From theſe obſervations I had reaſon to con- 
clude, that the tadpole and frog are identical; 
and this might have ſufficed as a reply to the 
objections of Dr.-Pirri: my ſuppoſition was 
moreover founded on certain obſervations, 
his was gratuitous. - My eſteem, however, 
for this phyſician, who is advantageouſly 
known by ſeveral other publications, and niy 
deſire to aſcertain a "fa of ſo great im- 
portance, induced me to undertake a more 
particular and exact enquiry into the identity 
of the tadpole and frog than that of Swam- 
merdam. To prove this completely, it is 
neceſſary to ſhew; that the internal ſtructure 
and organization of the parts of the tadpolke 
continues the fame in the frog. If we find 
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in each the ſame ſyſtem of arteries, veins, 
nerves; and muſcles, if the heart, liver, 
lungs, and other viſcera, be unaltered, if there 
be no difference in the organs of ſenſe and 
main no doubt concerning the identity of the 
anima. ff RG 
CxXIV. Soon after Dr. Pirri's book came 
to my hands, in the ſpring of 1777, a ſeaſon 
very convenient for the purpoſe, I began this 
enquiry upon the green aquatic frog, of Which 
I treat in the firſt chapter. To be as brief 
as poſſible, I will only mention the bare re- 
ſult, beginning as ſoon as the internal ſtruc- 


ture of the tadpole can be examined, and end- 


ing at the time when it takes on the appear- 
ance of the frog. On the twenty-fixth = the . 
inteſtines are diſtinguiſhable, though the in- 

teguments of the abdomen,” rolled up in a 
ſpiral, and in the region of the thorax, the 
pulſation of the heart is perceptible. Upon 


opening theſe cavities, We find the meſentery 


reſembling. in thinneſs and tenderneſs a 


ſpider's web; along it ſmall red ſtreaks 


wind, which, when viewed with the microſ- 
cope, appear to be arteries and veins. The 
kidneys, lungs, and liver are then very con- 
ſpicuous; to the laſt viſcus is appended the 
gall-bladder, full of a tranſparent liquor 
without any bitterneſs. The heart is conical, 
and conſiſts of an auricle and ventricle; a 
little nearer the head lies the bulb. of the 
aorta, Which is divided into two branches 
that are implanted” in the muſcles. of the 
breaſt, The deſcending aorta is alſo. viſible, 


and the vena cava, together 1 the begin 


ning of their ramifications, The dorſal and 
1 A lumbar 
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lumber: vertebre, as well as the cranium, 
have nothing of the conſiſtence of bone, and 
the brain is gelatinous, as are alſo the nerves; 
thoſe ariſing from dorſal vertebræ are very 


diſtinguiſhable. The noſtrils are open, and 


the iris is of a golden yellow colour. If we 
take the eye out of the orbit and open it, we 
ſhalb find the aqueous and vitreous humours, 
and the chryſtalline lens, which has ſome 


conſiſtence and is very tranſparent. The gills; 


which in more advanced tadpoles, appear on 


the outſide of the body, are as yet lying un- 


der the integuments of the thorx. 
On the thirty: fifth day the viſcera are the 
ſame, but larger and more firm. The liquor 
of the gall- bladder is ſtill tranſparent; but 
ſomewhat bitter. The arteries and veins are 
of a deeper red, and by conſequence more 
conſpicuous. + The cranium and vertebræ 
begin to turn cartilaginous, and the brain, 
ſpinal marrow, and nerves ate not ſo ge- 
latinous. rt | c . Cy 
On the forty-ſixth day, theſe ſeveral parts 
are further unfolded and firmer. - The bile is 
bitterer, and the rudiments of the hind legs 
begin to appear. Somewhat too of the fore 
legs may be diſcerned, but they are as yet 
buried under the integuments of the thorax; 

The fore legs do not appear till fifteen or 
5 days afterwards; for the time varies 
in tadpoles that are brought forth at once. 
In other reſpects the ſtructure continues the 


3 2231 . . 

Nor does it eſſentially vary during the ſub- 
ſequent days, when the legs being unfolded; 
and the tail growing ſhorter, and being at 
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length obliterated, the tadpole puts on the 
form of the frog. % roo ations 
This happens about the eightieth day, 
when the o TD come away. And 
now the animal becomes a true frog, differ 
ing from the adult only in ſize. It does not, 


however, differ from the tadpole, but has 


the ſame organs and viſcera, the ſame ſyſtein 
of arteries and veins and nerves, the ſame” 
conformation. of bones, with numberleſs 


other parts which IJ ſhall not deſcribe, leſt 


the reader ſhould find me tedious. Theſe 
new obſervations confirm the identity be- 
tween the tadpole and frog; they demon- 
ſtrate that Dr. Pirri, in combating this ſup- 
poſition, has contended againſt truth. If 
any remaining affection for this harmleſs miſ- 
take ſhould ſuggeſt to him, that the gills 
and tail of the tadpole are not to be found in 
the frog, and that the frog has four legs, 
while the tadpole has at firſt none, let him 
recollect, that the chicken, at its firſt 
pearance within the egg, has the ſhape of a 
worm with a large head and long tail; that 
the heart has afterwards the form of a half 
ring; that incubation continues ſome time be- 
fore the legs and wings ſhoot, and that it loſes 
the umbilical cord when it breaks the egg (a). 
And yet, notwithſtanding all theſe appear- 
ances of metamorphoſis, no one, I believe, 
has ever imagined the pullet in the egg, and 
the hen to be different animals. And fo 
much concerning Dr. Pirri's objections to 


what I have advanced. nod 
(a) Haller. Form. du Poulet. 5 
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-CXV. Let us proceed to that which he 
has brought againſt the diſcovery of Haller. 
Deſirous of knowing the ſentiments of this 

reat phyſiologiſt, between whom and my-. 
Felf there had ſubſiſted a friendſhip of long 
continuance, I ſent him Dr. Pirri's book, 


but it came to his hands at a time when he 


was oppreſſed with thoſe maladies which 
were ſoon to deſtroy him. Inſtead, there- 


fore, of writing his ſentiments at length, he 


replied in theſe laconie terms, Berne Nov. 5, 
1777, © Je vous abandonne ce M. Pirri; il 
eſt en bonnes mains, vous ſcaurez aſſez de- 


fendre la bonne cauſe de ta Nature. II eſt 


toujours temeraire d attaquer des experiences 
par des raifonnemens.” Thus he impoſed 
upon me the taſk of anſwering Dr. Pirri, 
and I would certainly have undertaken it, if 
upon more maturely weighing the objection, 
and comparing it with Haller's diſcovery, I 
had not perceived, that I might fafely defer 
it at leaſt, if not entirely decline it, without 
offending the objeQor himſelf. I would; 
therefore, beg the ingenious naturalift to 
read the relation of the diſcovery over again 
with greater attention; for from his extract 
and reply, he appears to have overlooked 
more than one eſſential circumſtance. This 
will become evident, if we compare the ex- 
preſſiens of the original with thoſe of the 


” 
— 


extract, 


The yolk of the egg, concludes Haller, 
from his obſervations on the chicken, is a 
continuation of the inteſtines of the chicken 
theinternal coat of the yolk is continued with 


the internal coat of the ſmall inteſtines and of 
the ſtomach, and pharynx, andwith thefkinand 


outicle. Thecxternal coat is the external _— 
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the inteſtine; it is continued with the meſentery 
and peritonæum. The cover which incloſes 
the yolk, towards the end of incubation, is 
the ſkin itſelf of the fetus. He then rea- 
ſons thus, if the yolk is continued with 
the ſkin and inteſtines of the fetus, it muſt 
have co-exiſted with the fetus, and is really 
a part of it. But the yolk exiſted in the fe- 
male, independently of any commerce with 
the male; therefore the fetus itſelf alſo pre- 
exiſtad ?! 2h + F+4:4 CRETE | coke 

The ſame great writer reſſes himſelf 
with {till greater preciſion in his phyfiology. 
B. XXIX. Se& 2. Denique directa demon- 
ſtratio adeſt, qui oſtendes, certe in avibus, 
pullum in matre fuiſſe. Pulli enim inteſti- 
num continuatur cum vitelli involucro & 
adeo inteſtini interior membrana cum epi- 
dermide animalis, exterior cum cute; denis 
que cum involucro vitelli eadem eſt. 

Dr. Puri uſes the following terms, Hal- 
ler having ſhewn that the membrane of the 
yolk, which pre-exiſts in the impregnated 
egg, is transformed by incubation into the 

{mall inteſtines of the chicken, concludes 
that the chicken pre- exiſts in the unimpreg- 
nated eggs.” „ 

Let the Roman phyſician determine con- 
cerning the fidelity of his own copy. To 
this he adds another fact taken alſo from Hal- 
ler, and endeavours to confute him. But 
the author did not conſider the latter as of 
equal weight with the former, which, there= 
tore, ought to have been faithfully quoted. 

I am aware, that theſe ſtrictures cannot be 
pleaſing to Dr. Pirri, more eſpecially thoſe 
which ſhew his inaccuracy in relating the 

5 : diſcoveries 


7 
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diſcoveries of others. I would, therefore 
willingly have omitted them, as well on ac- 
count of the real eſteem I entertain for his 
merit, as fome degree of friendſhip IJ have 
contracted with him ſince the publication of 
his book; in conſequence of which, I-have 
been ſtudiouſly mild in my expreſſions, and 
have oppoſed things and not words to him. 
But, when I was treating this ſubject, to 
omit them entirely was impoſſible. I will 
morever obſerve, that I do not conſider theſe 
inaccuracies as intentional, but as proceed- 
ing from want of reflection, or rather of lei- 
ſure; for he confeſſes, that he compoſed his 
conſiderations on the reproduction of organized 
bodies in a few days. I cannot, therefore, 
but urge him afreſh to examine theſe two 
facts, which prove, that the fetus belongs 
entirely to the female, at greater leiſure, and 
with deeper attention; Iwiſh that to theſe he 
would add the further proofs I have adduced 
in this and the following diſſertation. That 
he may be a good judge of theſe facts, he 
muſt moreover allow. me to ſay, that he 
ought to be in poſſeſſion of the difficult art 
of making obſervations and experiments with 
{kill. He may then repeat thoſe which I 
have made, and will be enabled to give his 
opinion concerning them with greater free- 
dom and ſafety. ues on 00h a6; 
CXVI. The author likewiſe diſapproves of 
Mr. Bonnet's doctrine concerning the invo- 
lution of germs, though he does not directly 
attack it, but declares that he does not ſub- 
ſcribe to it; at which I do not wonder, be- 
cauſe the opinion of every one is free, and 
Dr, Pirri manifeſts too great a partiality Gr 
| | tne 
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DISSERTATION/L 10% 
the Epigeneſis of the illuſtrious Buffon. I 


was, however, not a little ſurprized, When I 
came to read in page 3a, a paſſage of the 
Geneveſe philoſopher; whence it would ap- 
pear, that he is an oppoſer of the ſyſtem of 

involution. My ſurprize was increaſed, When 
I learned that the evolution of bodies is, by 
the confeſſion of Mr. Bonnet himſelf, de- 
duced from equivocal facts, and from pre- 
miſes that by no means lead directly to any 
ſuch concluſion. I was inſtigated, by the 
deſire of knowing how my illuſtrious friend 
would reconcile theſe contradictions, to write 
to him at Geneva, making him at the ſame 
time acquainted with Dr. Pirri's ſentiments 
concerning my diſcovery, and the organic 
molecules of Buffon. 15 did not long Wait 
for an anſwer; which, as the author deſired 
me to publiſh it, I will tranſcribe in this 
place. 15 1 7901 


Genthod near Geneva. 


LS NE | Nov. 29, 1777. 
„ CXVLII. I was not acquainted Wah 196: 
Pirri's book. The ſhort account you give 
me of it furprizes me exceedingly. Is it 
2 that the eighteenth century could 

ave produced a writer capable of aſſerting, 
that the tadpole and frog are two eſſentially 
different animals? Can this writer ever have 
read Swammerdam? And yet how can he 
treat of frogs without reading, or at leaſt 
occaſionally conſulting him? Was not your 
illuſtrious countryman Valliſneri, whom he 
muſt doubtleſs have ſeen, ſufficient to ſhew 


3 
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him the falſehood: of his opinion? To me, 
this ſtrange aſſertion of Dr. Pirri appears al- 
together incomprehenſible. It is probable, 
that ſome ſecret intereſt has led him into this 
miſtake. An opinion ſo ſingular, does not 
deſerve to be very anxioufly confuted. Every 
naturaliſt will excuſe you from taking muc 
pains for that purpoſ eo. 
Lou inform me that Dr. Pirri declares, 
that my reflections on . bodies have 
not perſuaded him of the pre- exiſtence of 
germs. I am not ſurprized that a naturaliſt, 
who believes the tadpole and frog to be two 
diſtinct animals, ſhould not be ſatisfied with 
my proofs. I ſhould be much aſtoniſhed if 
// oe nuga Fr TEFLD 
Your partizan of Epigeneſis will ſurprize 
thoſe who have not ſufhciently reflected on 
the influence. of opinion. He owns on the 
one hand that you have fully proved the orga- 
nic molecules of Buffon to. be true anumal- 
cules, yet on the other he maintains that ſuch 
molecules exiſt, though they are inviſible, 
If they are not perceptible, how does he know 
that they exiſt ; you tell me that he deduces 
this concluſion from confequences. I ought. 
to be made acquainted with theſe conſe. 
uences if I am to judge of their force. But 
the reaſoning of this author does not incline 
me to think favourably of his ſkill in logic. 
A miſtake in reaſoning may indeed eafily be 
forgiven, but want of accuracy and fidelity 
in quoting authors, is not readily to be ex- 
cuſed. _ _—_ the dee of 2 
by mutilating a paſſage of my Corps organ/es ; 
he might doubt of his cauſe from this alone, 
if he could form a proper judgment of his 
18 Own 
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own conduct. I well know the arguments, 
fays he, uſually adduced in proof of the poſ- 
ſible tenuity of matter; nor am I unacquaint- 
ed with'the geometrical demonſtration of its 
infinite diviſibility. But I alſo know that 
theſe are mere illuſions, to ſurprize the 
imagination, and cloud the reaſon, as Mr. Bon- 
net has ingenuoufly confeſſed, Art. CXXVII. 
of his Corps organiſes, where he thus ex- 
reſſes Himſelf concerning involution. The 
infinite diviſibility of matter by which in- 
volution, or the hypotheſis, which ſuppoſes 
one germ to be contained within another is 
ſupported, is a mathematical truth and phyſi- 
cal fal ſehood. Every body 1s neceſſarily finite; 
all its parts are of neceſſity fixed and deter- 
mined Who would not conclude from this 
extract, that I was combating the doctrine of 
involution? Yet this is the very paſſage in 
which I endeavour to prove its poſſibility. 
Dr. Pirri, in order to perſuade his readers 
that I concur with him in opinion, dexte- 
rouſly ſeparates four lines from the paragraph, 
ſupprefles all the reſt, and then praiſes my 
ingenuouſneſs: I am ſorry I cannot return 
the compliment, but the truth is, that he 
makes me aſſert juſt the contrary of what I 
was endeavouring to prove: My words are, 
the hypotheſis of involution is not without 
probability, but it is not neceſſary to ſuppoſe 
an endleſs involution, which would be ah ab- 
ſurdity; the infinite diviſibility of matter, 
which might furniſh ground for maintain- 
ing ſuch an opinion, is a mathematical truth, 
and a phyfical falſehood; every body is ne- 
ceſſarily finite, all its parts are fixed and de- 
termined.” I then proceed- thus, we are 
2 25 utterly 


* 
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utterly ignorant of the fartheſt diviſion of 
which matter is capable; and this ought to 
prevent us from conſidering the involution of 
germs as impoſſible. We need only open our 
eyes and look round us, in order to learn that 
matter has been prodigioufly divided. The 
ſcale of corporeal beings is the ſcale of this 
diviſion. How many times is mould con- 
tained in the cedar, the mite in the elephant, 
the aquatic flea in the whale, a grain of ſand 
in the terraqueous globe, and a globule of 
light in the fun? An ounce of gold can be 
drawn by human art into a wire, eighty or 
one hundred leagues in length. The micro- 
{cope ſhews us animals, of which ſeveral thou- 
ſands do not equal the ſmalleſt grain of duſt. 
An hundred ſuch obſervations might be men- 
tioned, and ſhall we, without heſitation, 
pronounce the theory of involution to be ab- 
ſurd? . 75 EO. | 

In the CCCXLIING paragraph I treat pro- 
feſſedly on involution, and tranſcribe a long 
paſſage from Bourguet, in order to deſtroy 
the force of thoſe calculations x which the 
celebrated Hartſoeker affected to overwhelm 
the imagination. How then could Dr. Pirri 
fail to perceive, that ſo palpable a deviation 
from good faith would diſcredit his book ? 

I am yet more aſtoniſhed at another paſ- 
fage, in which this author has the aſſurance 
to aſſert, that according to Mr. Bonnet's own 
confeſſion, involution of bodies is a ſyſtem 
founded on equivocal facts, and on obterva- 
tions that do not directly lead to any ſuch 
concluſion.” An aflertion ſo pointed, and at 
the ſame time ſo falſe, can impoſe on thoſe only 
who have never read me; for who among 

my 
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my readers does not know that I have ever 
arded the evolution of organized bodies, 
as eſtabliſned upon the moſt unequivocal facts, 
and the moſt concluſive obſervations? All 
my works are full of the doctrine of the evo- 
lution of organized bodies; no author has ſaid 
more concerning it, or endeavoured to con- 
firmit by ſtronger proofs. Itſeems morally im- 
poſſible, that Dr. Pirri could have continued 
in his miſtake a ſingle moment in a matter ſo 
evident; and therefore ſince he puts into my 
mouth a propoſition, .which he knows to be 
repugnant to my way of thinking on this ſub- 
jet, I may fafely conclude, that his book 
was not dictated by the pure and diſpaſſionate 
love of truth. But I have beſtowed too much 
attention on an author fo regardleſs of public 
eſteem, as to expoſe himſelf voluntarily to the 
heavy charges of ſuppreſſion and bad faith. I 
think you ſhould but juſt mention his work, 
for if you confute him at length, you will 
confer upon him a degree of celebrity, to 
which he is by no means intitled.” 
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Bibiena, | 
in like manner difappointed when he repeated 
and varied the experiments of his TE 
fellow-citizen 8 85 

though it fail in butterflies, does not ſeem 
unlikely to ſucceed in thoſe. animals in which 
fecundation takes place without the body of 
the: ae, as in frogs and toads. Hence 5 
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ARTIFICIAL FECUNDATION: or 
\ CERTAIN ANIMALS. * 
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ArTIporaL FECUNDATION or THE TER- 
REST RIAL TOAD WITH RED EYES AND : 
DORSAL TUBEREL BY. F Ei : | 
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tificial fecundation was made 


cv. TE $9: tom OO ar- 


by my immortal countryman, Malpighi; 
es taken the eggs out of the ovaria of 
butterfly produced 
moiſtened them with the ſeminal liquor: of 
the male. The event did not indeed corte- 
ſpond to the wiſhes of the curious naturaliſt, 


the 


from the filk-worm, he 


10 


or the eggs proved barren. The learned 5 
ermerly profeſſor at Bologna, Was 


rious 
Such a project, however, 
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my celebrated friend Mr. Bonnet, ſince I 
communicated to him in 1767, my diſcovery 
of the pre- exiſtence of the germ in the frogs, 
has never ceaſed urging me to attempt the 
artificial fecundation of this animal. And as 
I conceived” that if this experiment ſhould 
ſucceed, it would throw new light upon the 
natural hiſtory of animals, and more eſpecial- 
ly upon generation, I reſolved to_ undertake 
it When I publiſhed my Proſpectus in 1768, 
I gave an intimation of my deſign: Other 
occupations, however, prevented me from 
carrying it into exgcution till the ſpring of 
1777, and the preſent year (1780) in the courſe 
th which I enjoyed more leiſure. The ani- 
mals mentioned in the five firſt chapters of 
the preceding diſſertation, were the ſubjects of 
my experiments. «SE 

CX1X. I began with the terreſtrial toad 
with red eyes and dorſal tubercles, which 
begins earlieſt in the ſpring to propagate its 
ſpecies. I have already. obſerved, that the 


female, with the male on her back, diſcharges 


ſlowly at the anus two (ng viſcid cords, 
tull of black globules. Thete globules are 


minute tadpoles, which the male fecundates 


at the time of expulſion, 8 beſprinkling 
them with ſemen (XLV, XLIX, L, LI, 


LVII). As therefore the tadpoles are at this 
period beſt diſpoſed for fecundation, I tried 


to effect it in the following manner. Juſt 
before parturition, of which I was * 
by the exceſſive ſwelling of the belly, 1 parted 
the male from the female, and ſet the latter 
by herſelf, in a veſſel full of water. In a 
few hours the cords began to appear.; as ſoon 
as about the length of a foot wes excluded, 
e 5 IJcut 
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cut them off, and left one in the veſſel, 
While I took ont the other, in order to wet 
at with ſemen, which I procured from the 
male that had been juſt ſeparated from the 
Female. It is eaſy for any one who has the 
Mighteſt ſkill in comparative anatomy, to find 
the ſeminal veſicles. In this' animal, they 
lie below the teſticles, and cover part of the 
kidneys. At the time of coupling, they are 
always full. I laid open the veſicles, and re- 
ceiving the liquor which had. the tranſpa- 
rency of water, into a watch-glaſs, I ſpread 
it 6n the piece of cord with a pencil ; but the 


quantity was only ſufficient to go over two- 


thirds; after the operation, I placed this piece 
in a veſſel of the ſame water as that in which 
the unimpregnated portion lay. This experi- 
ment was made on the 16th of March; as 
the weather was rather cold, and conſequent- 
ly unfavourable for the evolution of the tad- 
poles, I was forced to wait the longer in ſuſ- 
penſe for the event, about which I was not 
a little anxious. I examined the cords with 
thè cloſeſt attention ſeveral times a day, with- 
out perceiving the ſmalleſt difference for the 


firſt five days. In both the mucns was: 


equally enlarged, as well as the tadpoles: 
and they. retained their globular ſhape. It 
was not till the ſixth day that I began te 
conceive hopes, that the application of the 
ſeminal liquor had not been effectual. Many 


of the tadpoles comprehended in the two- 


thirds of the cord, over which the peneil had 
paſſed, began to aſſume an elongated 1 
while the others preſerved their round form, 


as did alſo thoſe of the piece of cord left in 
the other veſſel- The- ſeventh day was fill 
„ + * 24 2 More 
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more favourable to my hopes; for together 
with a manifeſt elongation, an increaſe in bulk 
became viſible; theſe appearances grew more 


evident every day, inſomuch that there no 


longer remained any doubt of a conſiderable 
evolution of the tadpoles. On the eleventh 
day, I perceived them moving within the 


amnion, and on the thirteenth they quitted 
the membranes, and ſwam about the water. 


On the other hand, the unimpregnated tad- 
poles began to corrupt, and in time they were 
uite diſcompoſed, and turned putrid. Thus 
called into life a number of animals, by 


imitating the means employed by nature. 


The reader will conceive the ſatisfaction I 
received from the ſucceſs of an experiment 
ſo precarious and uncertain. He will eaſily 
imagine, that I was not diſpoſed to ſtop at 
my firſt diſcovery, but that I determined to 
repeat and vary my trials, in order to deduce 
ſuch 5 as might illuſtrate the 

ect. | 


ſub} | | 
| (X. All the tadpoles in the portion of 


cord that was wetted with ſemen, were not 
evolved. They were in all a hundred and 
teventy-fix, of which ſixty-three e 
This probably aroſe from their not ha 


vin 
been touched by the fecundating fluid. I 


propoſed to repeat the experiment upon ano- 
ther piece of cord, which a female juſt ſepa- 
rated from the male, was about to diſcharge. 
As this piece was only five inches long, I 
could bathe it completely with the ſeed of 
two males. I may here remark, that if we 
with to find the veſicles full, we muſt open 
them at the time of copulation. The largeſt 
quantity of - ſeminal 1 by a 5 

ky | 2 gle 
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gle male, is generally two grains, though it 
ſometimes amounts to almoſt three. When 
the males are not mounted upon the females, 
there is either no fluid at all in theſe reſer- 
voirs, or only a very inconſiderable n 
they are indeed ſo much ſhrunk, that there 
is ſome difficulty in finding them. But to 
return to my ſubjet; I found that a 
greater quantity of ſemen cauſed more tad- 
poles to be evolved. The ſeaſon being now 
a little further advanced than at the time of 
my firſt experiment (CX VII), the tadpoles 
began on the fifth day to take on an elon- 
gated ſhape, on the tenth they ſhewed mani- 
teſt tokens of animation, and on the eleventh 
were ſwimming about the water. They were 
in allan hundred and ſeven, out of which num- 
ber eight only failed ; whether it was becauſe 
they had not been impregnated, or more pro- 
bably becauſe they were vitiated. In the na- 
tural proceſs, among a - ding number of tad- 
poles, a few always ſpoil. _ 1 
CXXI. In theſe two ſucceſsful experiments 
(CXIX, the cords had been diſcharg- 
ed by the female into water. Natural fecun- 
dation always takes place in this element. But 
Thad learned from obſervation, . that it ſuc- 
ceeds juſt as well when the animals are re- 
moved to a dry place. It was thus, that I 
was fortunate enough to diſcover the natural 
mode of impregnation” (XLVII, XLVIII, 
XLIX). I therefore ſuppoſed, that artificial 
fecundation would ſucceed in the fame cir- 
cumſtances; a long portion of cord diſchargs 
ed in a dry veſſel was moiſtened with ſeminal 
fluid, and then put into water, along with 
another piece brought forth by the ſame 80 
. | : 1D f 
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male, but not r ee In twelve days 
the tadpoles of the latter were half putrid, 
while thoſe of the former were evolved, and 
ſwimming about the water. While employ- 
ed about theſe experiments, I was careful to 
obſerve whether artificial fecundation is flow= 
er in its effects than natural. Having two 
toads coupled, I waited till the female had 
diſcharged part of the cords, and the male 
had beſprinkled it with ſemen. -I then re- 
moved the male, and cutting off the cords, 
cloſe to the anus, left them in the water. As 
ſoon as the female had diſcharged another 
portion of cord, (which happened in a quar- 
ter of an hour) I cut it off, and impregnated 
it with what remained of ſeed in the veſicles 
of the male; and this piece was put into the 
ſame veſſel with that which had been natural- 
ly fecundated, that it might be ſeen which 
would ſooneſt produce complete tadpoles. 
But evolution and animation kept an equal 
pace in both, an obſervation which I after- 
wards ſaw confirmed both in toads and frogs, 
CXXII. My attempts to produce fecun- 
dation by artificial means, have hitherto been 
made, only when the tadpoles had arrived at 
the place deſtined by nature for impregnation 
and evolution. But ſuppoſe it was attempted 
within the body. We know that they are 
at firſt lodged in the ovaria, then paſs along 
the oviducts, and at laſt get into the uterus.. 
Will artificial fecundation ſucceed alike in 
theſe three receptacles? Theſe reflections ſti- 
mulated my curioſity, and I believe I have 
now data ſufficient for the ſolution of the 
problem. I began with the uterus: This or- 
gan is divided by a membranous partition into 
eee, two 


— r 7ꝙ»—nm 2 — ——8 —— 


Ar 


9 


. 
Ln rn — l 
= — 


—— ͤ 
ris 


a — 22 „ — — — - 
—— — - _— _ _ = — — 
a" 2 — r rr 2 4 — — REY 
we mo l ">, ® l - \ 9 * * . Ll l 
* * n 22 rr Three r 
#4 - * Y _ « * · 
; * of — wy _ up aus 6 * — — 2 — 
* 
1 


2 r 
SR . 0 T "15s 
- - \ : l = 4.” 
rr . out ng ior Io — 
* ; nd . 
2828 f bd ©. » 


us DISSERTATION II. 


two cells, which are quite filled with tadpoles; 
as ſoon as they have paſſed though the ovi- 
ducts. They are incloſed in the glutinous 
cords, which are very much entangled; it is 
not; however, difficult to draw them entire: 
out of the uterus with forceps, if they are 
managed gently. I opened the abdomen of 
| car, coupled females when the cords began 
to be excluded, for at this time the uterus is 
always full, and diſentangling part of the 
maſs which hes in this viſcus, 1 bathed it 
with ſeed, and ſet it in a veſſel of water. The 
reſt of the cords was put at the ſame time into 
another veſſel of water; but not one tadpole 
contained on the latter portion was evolved, 

whereas all thoſe which had been impregnat- 

ed became complete tadpoles. It is therefore 
to be inferred that theſe germs, by the time 
they get into the uterus, are arrived at ſuch ' 
a ſtate of maturity, as renders them capable 
of being fecundated. 8 : 


While I was-engaged in theſe experiments, 


I was eye-witneſs of an accident that deſerves 
to be mentioned. Having often obſerved the 


ſeminal liquor of the toad, I found it very full 
of ſpermatie worms, which, like thoſe of the 
frog, have an oblong ſhape, and writhe their 
body as they move. Upon two occaſions 1 
have been greatly ſurprized at — this 
fluid totally deſtitute of inhabitants. I was 
induged to try, whether it is alſo deſtitute of 
fecundating virtue, but I found that it was 
Juſt as effęectual in this reſpect, as that which 
molt abounds with theſe diminutive animals. 
CXXIII. Inext proceeded to try whether I 
could impregnate thoſe germs, which in 
coupled females are often to be found in the 
OE SE e  oviducts. 


DISSERTATION 10 war 


coviducts. I ſuceeeded upon many af the 
| largeſt, thoſe which lie neareſt the uterus; but 
thoſe which were ſituated in themarrow part 
in the Hein of the heart, where the ather 
extremity. of the oviducts is placed, all haf 
fled my attempts. 'Fhele different reſults may 
perhaps be thus explained. Ihe gluten in; 
which the tadpoles are imbedded, and which 
forms the two long cords, is produced as the 
germs paſs through the oviducts, for they 
are totally deſtitute: of it before: they enter 
into theſe canals. Thoſe tadpoſes therefore! 
which have paſſed along the greater part of 
the oviducts, and of courſe are neareſt t the? 
uterus, will be ſurrounded by moſt gluten. 
This ſubſtance has been appointed by: nature 
for the firſt nouriſhment of the fetuſes- I 
therefore they happen to be provided With a 
ſufficient ſupply, as thoſe are wich lieintarat 
cſt to the uterus, the aſperſion of ſeed w 
not be ineffectual; but the contrary ill hap - 
pen with reſpect to thoſe which Have little: 
ar no gluten; for ſnould they be animated by! 
the act of fecundation, they: wrlbſoom: peritht 
from want of nouriſhment. The neceſſityaf glu 
ten during the firſt period of evolution, is c π 
dent from another experiment, in Whichathe; 
tadpoles having been entirely ſtripped of iti 
were wetted with ſemen, but they came to noa 
thing; nay, very few of thoſe wereevolvedy 
from vrhich part only was taken. Upon open 
ing one day a female eee 
found the tadpoles in the abdomen; inſtead 
the uterus and oviducts. Fheir colour wras* 
black, as it is when they are atrivedi at a ſtate 
af maturity, but they Were without gluten, 
having never entered the qviducts. Ehieſe 
Hh ts 14 fetuſes, 


— 


266: DISSERTATION H. 


fetuſes, after being moiſtened with ſeminal 
liquor were not evolved, as the reader will 
HA 1 ³· 3 47 
(XXIV. For the ſame reaſon thoſe taken 
from the. ovarium would not grow. This 
viſcus is divided into two large lobes, each of 
which conſiſts. of ſmaller lobes. All are full 
of little tadpoles, till the ſeaſon of amours 
arrives, when they ſeparate from their ſtalks, 
in order to go where nature has deſtined them. 
1: beſprinkled many of thoſe tadpoles with 
ſeed when they were about to quit the ova- 
rium, but in vain. This experiment ſug- 
geſted a curious idea. I had found that the 
abdomen. of female toads, and this is alſo 
true of frogs, may be opened, not only with - 
out immediately deſtroying them, but fre- 
quently without preventing them from bring- 
ing forth their young, which are after wards 
evolved, either in conſequence of natural er 
artificial fecundation. It is only neceſſary, 
that the female thus maltreated ſhould be 
kept in the dry; otherwiſe the water willen⸗ 
ter in at the wound; and occafion death be- 
fore parturition takes place. Now what will 
happen, thought I, if the abdomen of a fe- 
male ſhould be opened, and the ſeminal fluid 
be ſpread upon the ovarium] May it be ex 
pected that the tadpoles, after quitting this 
viſcus, paſſing through the ovidugts and ute- 
rus, and being hat atithe anus will 
wo Though I had little expectation from 
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e experiment, and was determined to per- 
form it. Having with this view perforated 
the abdomen of two ſemales, I threw a drop 
af ſeed upon each ovarium from a ſyringe in- 
troduced through the wound. I moreover 
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made a perforation in the membrane that in- 
yeſts the ovarium, and injected another drop 
of ſeed, which muſt have come into imme 
diate contact with the tadpoles. One of the 
toads died five hours after the operation with 
the tadpoles in the ovarinm, but the other 
diſcharged part of them at the anus imbedded 
in gluten, as if the had been in à ſtatè of the 
moſt perfect health. I kept them very cate- 
fully in water, but not one an, 


tion; whence I was obliged to infer, that the 
gluten” is ſo indiſpenſably neceſlary for the 
nutrition of theſe delicate beings, that ſhould 
it not be preſent at the time of aſperſion with 
feed, they will periſh, even though it ſhould 
be afterwards ſapplied;” OD 


* 


- CXXV. Having eſtabliſhed upon a number 
of deciſive trials, the poſſibility of artificial 
fecundation with ſeed (CXIX, XX XXI. 
CXXH, CXXXIN), I thought of trying 
whether the expreſſed juice of the teſticles 
would anſwer the ſame end. I ſuppoſed this 
not unlikely, the teſticles being Ke ebis 
in which the ſeed is formed, or rather per- 
fected and rendered fit for fecundation; but 
on account of their ſmall ſize in this animal, 
I could not hope to obtain it pure: and my 
only reſouree was therefore to ſqueeze out the 
Juice, and uſe this for my experiments. The 
teſticles in the preſent ſpecies of toad are fi- 
tuated at the upper part of the kidneys; they 
have a yellowifh colour and an oval ſhape, 
but are à little gibbous on one ſide, like thoſe 
of the cock. At the ſeaſon of generation 
they contain a brown, denſe, and ſomewhat 
viſcid liquor. Having collected à little of this 
liquor in a watch-glaſs, I moiſtened * it 
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about one hundred tadpoles, part taken out 
of the uterus, and bn by the fe- 
male, after the male had been removed. I, 
ſucceeded perfectly; the tadpoles grew, and 
I: frequently repeated the experiment with 
equal ſucceſs. Upon making a compariſon, 
between the effic oY of theſeed, and/ the juice 
'of the teſticles, 1 ound that both fluids pro- 
duce their effects in the ſame time; but the, 
latter did not cauſe the evolution of ſo great 
a number as the former, though I did not 
then know whether this aroſe from its infe- 
rior activity, or rather from its denſity, a qua- 
lity that prevents its diffuſion over an equal 
/ W.. (( v 
CXXVI. In May 1780, while I was com- 
: Ea the preſent chapter, the fiſhermen 
rought me a ſpecies of toad, concerning the 
e of which J have ſaid nothing in 
he preceding diſſertation, for I was totally 
unacquainted with it; I ſhall here give a ſhort 
deſorſption of it, as it relates to the preſent 
ſubject. This ſpecies is ſmaller than the fe- 
tid terreſtrial toad, but is of the ſame colour, 
if we except the belly, which is of a brighter 
white. But the diverſity. of manners and 
organization ſhews, that the two ſpecies are 
totally different. The ſkin upon the back of 
the fetid toad is rough like ſhagreen, the body, 
is rather long, and the animal moves like frogs, 
by long leaps. The other has a ſmooth ſkin, 
a thick ſhort body, and jumps a very little 
way. The male of the former ſpecies utters 
a 3 reſembling a man's whiſtle. The 
croaking of the latter is very low and indiſ- 
tin, a clear proof that the organs of. the. 


voice are very differently conſtructed. The 
2 | | ſtructufe 
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ſtructure of the parts of generation alſo dif- 
ters; the female of the fetid toad brings fortn 
two cords,” but that of the other only ene; 
the former derives its name from its bad 
ſmell, but the odour of the latter is at moſt 
not more offenſivè than that of garlid. The 
male of the fetid toad throws his arms rumd 
the thorax of the female, but that of the ne, 
ſpecies claſps the abdomen. Hence it is ap- 
parent, that this toad ought not to be con- 
founded either with that with which I have 
been contraſting it, nor with the B gn 
of Roeſel, in which the lower part of the 
body is ornamented with flame- coloured 
ſpots (CCCCLXIV); for in the ſpecies in 
queſtion, not a veſtige of ſuch ſpots is to be 
pereei xe. 5 OR 
The firſt that fell into my hands was coup- 
led, and the female was diſcharging her conds. 
I had here an opportunity of admiring the cu- 
rious ſpectacle deſcribed by Demours (CI). 
When they were placed upon my hand, they 
ſeemed at firſt a little timid, but ſoon- aftet- 
wards the female continued her diſcharge,” 
though I did obſerve that the male uſed his 
hind legs to extract the cord. faw, how<" 
ever, what he did not obſerve, I mean, that 
the male ſprinkled the tadpoles from time to 
time with ſemen emitted from the anus, 
which in this ſpecies is terminated by a point. 
I watched this phænomenon for about thlir- 
teen minutes, and then reſolved to open both - 


— 


the male and female, for the fake of the fo. 
lowing experiments. Havi ng extracted the 
7 emainder of the cord, Which meaſured ab 0 * 
the 1540 nd 
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was moiſtened with the ſeed remaining in the 


veſicles of the male; the third with juice ex- 


preſſed from the teſticles; and the laſt with 
two drops of the ſeed with which the male 
Was E the cord as it was excluded, 
which I had intercepted in a watch-glaſs. 
Theſe four pieces were ſet in ſeparate veſſels 
of water, and in a fifth was placed that piece 
af cord which had been already fecundated. 
The reſult was what I imagined it would be, 
from former obſervations. Except the un- 
touched piece of cord, all the reſt were ani- 
mated with a number of tadpoles; whence 
we may draw two inferences, firſt, that in this 
freſh ſpecies fecundation is alſo external; 
and ſecondly, that it may be effected by art, 
either by means of the ſeminal fluid, or the 
juice of the teſticles. Four other couples 
were afterwards brought to me; two of which 
ſerved to confirm the foregoing obſervations, 
and the two others for experiments, which I 
ſhall relate in another place. rat 
(XXVII. Ifſhall finiſh the preſent chapter, 


with a ſhort digreſſion concerning the mode 
_ of. propagation in this new ſpecies. The 


cord, bath in the oviducts and uùterus, is full 


of black globules, which whether examined 


internally or externally, exhibit characters 
perfectly reſembling thoſe of the tadpoles of 
other ſpecies, When they lie in the oviducts 
or;uterus. If the impregnated globules be 
compared with the unimpregnated, they will 
likewiſe be found to bear an exact reſemblance 
both internal and external. But in time the 
latter become white, the ſurface grows wrink- 


led, and chopped in various places; the wa- 


ter diſſplyves them, and they at laſt fall to 
2 | PIECES, | 


DISS ERTATTON H as 


pieces, and are quite decompoſed. The ap- 

rance of the tecundated globules changes 
alſo in about a day, but in a manner totally 
different. Upon the ſurface may be perceived 
two furrows, which meet to form an angle. 
Above the angle .a. prominent filament” is 
ſeen, and at the ſame time the globule in- 
creaſes in bulk and length, while the end 
grows finer. During the following hours, 
the furrows become deeper, the filament pro- 
jets further, and the point grows longer 
on each ſide of the furrows ariſe two ſmall 
tumours, which before were not viſible. In 
about a day longer, the myſtery concealed 
under theſe parts, which are gradually un- 
folded, is laid open. We find that the two 
furrows are the marks of the mouth, that the 
prominent filament is the ſpine, that the 
pointed end 1s the tail, and the two tumours 
the gills. All theſe parts become more diſ- 
tinct, when the young animals begin to move 
about the water. It appears therefore, from 
theſe obſervations, that the ſame law which 
preſides over the birth and evolution of the 
ſpecies mentioned in the preceding diſſerta- 
tion, extends likewiſe to this, that the fetus 
belongs to the female, and that the aſperſion 
of the ſeed of the male is a condition neceſ- 
ſary to the animation and evolution of the 
fetußm n e TY 5 
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ARTIFICIAL FECUNDATION OF THE WA=- 
TER-NEWT, AND THE FETID TERRES 
.. TRIAL TOAD. 1 | 


CXXVIII. As the fecundation of the wa- 

\ ter-newt does not take place 
without the body (CLXXX, CLXXXI, 
CLXXXIV), as in frogs and toads, I could 
not try to impregnate the fetuſes, after they 
Have been diſcharged by the female, but was 
obliged to ſeek ſome other means of accom-" 
pliſhing my intentien. The female newt 
$5 no uterus ; hence the fetuſes, after quit- 
ting the ovarium, paſs along the oviducts 
into the rectum, and are diſcharged at the 
vent. The ſeed of the male inſinuates itſelf 
into this aperture, and fecundates the fetuſes 
that lie neareſt to it. I have moreover ſhewn 
in the eighty-fourth paragraph, that the more 
remote fetuſes, thoſe which are ſituated higher 
in the oviducts, are not then impregnated ; 
and that before this can happen to them, 
they muſt come down lower, and take the 
place of thoſe which have been impregnated 
and diſcharged. Thoſe therefore which oc- 
cupy the oviducts, appeared to be the proper 
ſubjects of my experiments; but my attempts 
to fecundate them did not ſucceed. I pro- 
ceeded in this manner; having laid open the 
oyiducts of a female, and the vaſa deferentia 
of a male, I took out the ſeed, which in 
whiteneſs reſembles milk, and moiſtened the 

| 1 fetuſes 
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fetuſes lying high in the ducts; I then put 
them in water without delay. Like thoſe 
which are brought forth naturally, they ſunk 
to the bottom, where they were held by the 
tenacious gluten that inveſts them, but not 
one grew. The gluten gradually quitted 
them, and they burſt, and were diſſolved. I 
will not relate the many frequent repetitions 
and variations of this experiment, how I al- 
tered the doſe of ſeed, ſometimes letting fall a 
few drops upon the fetuſes, ſometumes bath- 
ing them ſparingly, and at athers immerſing 
them in it, and as it were ſaturating them, 
but ſtill to no purpoſe. Their ſituation in the 
oviducts made me apprehend, that they pe- 
riſhed for want of a ſufficient quantity of 
gluten, as is the caſe with tadpoles taken out 
of the upper part of the oviduct (C XXIII), 
and at the ſame time doubting on the other 
hand, left, if I took them from a lower fitua- 
tion, they ſhould be impregnated Pha male, I 
had recourſe to an expedient which I thought 
would determine whether my apprehenfions 
were juſt. I was then (it was in April) in 
offeſtion of ſeven female ſalamanders, which 
had kept all the winter in water, apart from 
any males; notwithſtanding this, they were 
beginning to diſcharge their fetuſes. I 
thought, therefore, of trying to fecundate 
theſe fetuſes, being certain that on the one 
hand they were inveſted with a 10 51 
7 ntity of gluten, and that on the othet 
they had not been impregnated. I have be- 
fore remarked, that the males, during the 
ſeafon of their amours, will emit their ſeed, 
if the belly be gently refled, and the fe- 


males their young (LXXX, LXXXIV). 1 70 
et is 
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this eaſy method, I got theſe female newts to 
bring forth their young, and as they came 
away, took care to moiſten them with ſeed. 
But notwithſtanding this expedient, I never 
faw one of them grow, though I carefully 
kept them in water. | „ 
. CXXIX. Mortified at ſo many diſappoint- 
ments, I was about to relinquiſh the attempt, 
under a perſuaſion that artificial fecundation 
would not ſucceed on newts, when a doubt 
fuggeſted itſelf, whether I had not neglected 
a precaution eſſential to the ſucceſs of theſe 
Deriments. In another place I have re- 
marked, that the male fecundates the female, 
not by injecting his ſeed immediately into 
her, but by throwing it into the water, whence 
it paſſes into the vent of the female, and im- 
pregnates all the fetuſes that lie near the 
rectum (LXXX, LXXXI). It is therefore 
evident that the feed, when it produces its 
effect, is not pure, but diluted in water. 
Hence I was led to ſuſpect that pure ſeed, 
which I had uſed in my experiments, was not 
fit for fecundation, (perhaps on account of 
its too great denſity) but that it muſt be diluted 
in water; I trie is method, and obtained 
reſults very different from thoſe which have 
been juſt related. By gentle preſſure upon the 
bellies of the feven females (CXXVII) that 
had been kept by themſelves, I procured the 
diſcharge of twenty-ſeven fetuſes. I bathed 
them all with water in which a imall por- 
tion of feed had been diffuſed. Seventeen 
ſhed, the remaining ten did well, and 
uring their evolution preſented the appear- 


ances that are conſequent upon natural fecun- 
ation (LEXXVIIL LXXX £11 M * 
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By imitating Nature therefore in this cir- 
cumſtance, I ſucceeded in fecundating this 
amphibious animal by art, as well on the 
preſent as on other occaſions; I loſt indeed 
many fetuſes, but this could not ſurprize me, 
iince many periſh alſo after the natural im- 
pregnation (LXXXIX). | 
The juice expreſſed out of the teſticles di- 
lated in water, anſwers the purpoſe of fecun- 
dation, though in this caſe too, about one- 
third only of the fetuſes is evolved. - This 
failure, induced me to deſiſt from the proſecu- 
tion of my experiments on this animal for 
the preſent. The fetid terreſtrial toad next 
engaged my attention, and indeed fully an- 
ſwered my expectation. | 
CXXX. We have ſeen, that in the terreſ- 
trial toad with red eyes and dorſal tubercles, 
artificial fecundation ſucceeds not only on the 
tadpoles that have been diſcharged, but alſo 
i2 thoſe which lie in the uterus, and at the 
inferior extremity of the oviducts. We have 
morcover ſeen, that it may be effected either 
by the ſeed, or the juice of the teſticles. I 
can aflure the reader, that the reſult of theſe 
experiments repeated on the fetid toad, was 
3 the ſame. TI EE HEY 
ut the great quantity of this ſpecies wi 
which the fiſhermen ſupplied me, the 2bun- 
dance of tadpoles contained in the uterus, and 
the facility with which they be fecun- 
dated, led me to attempt ſomething beſides 
the bare confirmation of my preceding ob- 
ſervations. The diſcovery of the means of 
calling forth theſe animals into exiſtegee, 
without the co-operation of the male, was 
n experiment pregnant with many others, 
VOL. IE K which 
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which I was the more tempted to undertake, 


Fince the harveſt was yet not touched by the 
fickle of philoſophy. © ra: 
One of my principal views was, to aſcer- 


' tain what would be the conſequence of trying 


to force Nature out of her ordinary path, ei- 
ther by adulterating the ſeed, 555 the juice 
of the teſticles, or by attempting to produce 
changes in the tadpoles. Such an inveſtiga- 
tion promiſed to afford much inſtruction. 

In the preceding experiments, I had uſed 
the ſeed, and the juice of the teſticles, imme- 
diately after it was taken from the male. The 
animal was fixed on his back, by means of 
nails driven through his hands and feet ; af- 
ter opening the abdomen, I ſought for the 
ſeminal veſicles, which, when the inteſtines 
are removed, appear behind the bladder, un- 
der the ſhape of two tumours; if the blad- 
der be evacuated, a better vievy of the veſicles 
is obtained, at the ſame time the: teſticles 
come into fight; in this ſpecies, they are of 
a livid brown colour, and he upon the kid- 
neys. After having mace this diſpoſition, I 
took, as my defign led me, either the ſeed, or 
the juice of the teiticles, and bathed the tad- 


poles. I now thought of trying theſe fluids 


ſome time after the death of the animal. In 
another publication I have obſerved, that 
frogs, toads, and other animals very tenacious 
of life, may be inſtantaneoufly killed by infinu- 
ating a ſharp inſtrument between two cervical 
vertebre, and deſtroying a little of the ſpinal 
marrow. They fall inſtantly into convul- 


Hons, and ceaſe to live; an event that does not 


follow either. decapitation, or any other treat- 
ment. Three hours atter I had thus 7 
| 3 etl 
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fetid toad, I opened the abdomen, and ſearched 
for the ſeminal veſicles, which were a little 
collapſed, not now containing fo much feed 
as when the animal is alive and coupled. With 
this ſeed I bathed ſome tadpoles taken out of 
the uterus, whence all that were uſed in the 
experiments related in this chapter were 
taken. The event ſhewed, that the ſeed had 
not ſuffered by a continuance of three hours 
in the dead body. The ſame obſervation is 
applicable -to another toad which had been 
killed five hours and a half; the ſeed indeed. 
being in very ſmall 83 could not be 
ſpread over e e es. In the courſe of ſe- 
ven hours after death, the veſicles were ſo much 
ſhrivelled, that I could ſcarce get a drop of 

ſced, which however retained its efficacy. | 
_ CXXXI. Two immediate conſequences 


may be deduced from theſe experiments ; it 


appears in the farſt place, that after death the 

uantity of ſeed in the ſeminal veficles gra- 
dus iminiſhes till it quite diſappears, agree- 
ably to the laws of the animal ceconomy; and in 
the ſecond, that this fluid, notwithſtanding 
its waſte, loſes nothing of its virtue, at leaft 
in ſeven hours. But does it retain its prolific 
power any longer after the ceſſation of life? 
As dead toads would not, for the reaſon al- 
ready aſſigned, enable me to ſolve this pro- 


blem, there remained no other expedient than 


to take the ſeed out of the veſicles, and k 

it in a phial or tube. Having procured all 
that theſe toads would furniſh, I put it in a 
little glaſs tube, and uſed it at different 


times. Six hours did not impair its efficacy, 


but at the ſeventh hour it ſeemed to be weaker, 


for only two-thirds of the tadpoles touched 
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with it came to perfection. The eighth hour 
produced worſe effects, and the ninth proved 
10 hurtful, that out of ſixty- five tadpoles, not 
one was evolved. The reader is not, how- 
ever, to ſuppoſe, that this is always the exact 
meaſure of the time in which the ſeed be- 
comes effete. By many experiments I have 
been taught, that this depends on the tempe- 
rature of the atmoſphere. In hot weather, 
ſeed taken out of its natural receptacles, be- 
comes in fix hours and a half unfit for fecun- 
dation. But in a cold ſeaſon, it retained 
ſomewhat of its virtue eleven hours and up- 
wards. The frequent alternations of heat 
and cold during laſt May, (1780) afforded me 
many opportunities of obſerving theſe diffe- 
rent phænomena. Finding that cold favours 
the retention of the fecundating virtue, I 
thought of carrying the experiment further, 
by placing ſome ſeed in an ice-houſe. It 
now retained its efficacy twenty-five hours. 
When I reflect upon the nature of this liquor, 
it does not ſeem difficult to account for the 
effect of heat and cold. The ſeminal fluid, 
like other animal ſubſtances, is ſubject to 
putrefaction; now this is promoted by heat, 
and retarded by cold. In my ſecond Eſay 
concerning the natural Hiſtory of Animals and 
Fegetables, J have ſpoken at large on the ten- 
dency of extravaſated ſeed to become putrid, 
whence it loſes the ſpermatic worms, its na- 
tural inhabitants, and acquires others of a 
very different kind,,,zeſembling the animal- 
cules of infuſions. The ſeed of toads runs 
ſooner or later into the putrefactive fermen- 
tation, and on this account probably becomes 
e ne CO 
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effete, ſooner when the atmoſphere'is warm, 
than when it is cold. BY. „ 
I have ſaid before, that in hot weather the 
ſeed in fix hours and a half is rendered unfit 
for its natural uſe, I found that in this caſe, 
the thermometer ſtands 185 (a) deg, above 
the freezing point. This ſuggeſted” to me 
the ideaof trying what would. happen to this 
fluid, if it ſhould be kept for a ſhort time in a 
higher temperature. From ſeveral trials it ap- 
peared, that the heat of 30 (6), and even 32 
(5) deg. was not prejudicial, when the ſeed 
is ſubjected to it for two minutes only; but 
at the 35th (5) deg. it was quite ſpoiled. 
CXXXII. Butit is time to turn the reader's 
attention to the experiments on the juice of 
the teſticles, the ſecond head of the firſt en- 
quiry -propoſed in the CXXXth paragraph ; 
as before, I left the teſticles in the dead ani- 
mal ; but the event was very different. In 
the veſicles the quantity of ſeed was ſo much 
diminiſhed, that in ſeven hours there ſcarce 
remained enough for one experiment. The 


teſticles on the other hand of the ſame indi- 


vidual preſerved their juice ſufficiently, and 
it was fit for fecundation. But what was ex- 
preſſed from the teſticles of another male left 
dead for a day, was in ſufficient quantity, but 
altogether effete. In the proſecution of this 
enquiry, I found, that the continuance of the 
ethcacy of this juice 1s connected with the 


temperature of the atmoſphere, or, to ſpeak 


more properly, with the time in which it be- 
gan to grow putrid, as happens with reſpect 


(42) About 73 or 74 of Far. thermometer. (5) 30 
395, 32 104, 35 2 110, nearly of the ſame ſcale, 
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to-ſeed alſo (CXXXI). Hence in warm weas 
ther, the teſticles afford nothing fit for im- 
pregnation after nine or ten hours have elapſed; 
whereas when kept in an ice-houſe, their 
Juice is efficacious after thirty-four hours. 


It appears, however, from a compariſon of 


this with the preceding paragraph, that in 
the ſame temperature this juice retains its 
virtue longer. Does this ariſe from its not 


becoming putrid ſo ſoon, at leaſt when it re- 


Mains in the teſticles? I incline to this opi- 
nion, though I have not made any direct ex- 
periments with this view. {3 
CCXXXIII. The teſticles of the toad are fo 
ſmall, that when expoſed to the air, they be- 
come ſhrivelled and dry, ſooner than they 
putrify. In the mean time they do not loſe 
their virtue, but the juice, as long as they 
retain any, is fit for fecundation. | 
As they dry, they grow hard, and aſſume 


the appearance of thin leather; when put 


Into water, they reſume their former plump- 


neſs. When preſſed, they appear to be full 


of juice, but it will not cauſe the evolution of 


erms. And this is by no means matter of 
urprize, fince the better and more active 
part of it, muſt evaporate during deſiccation. 
The ſame effect is produced by too exceſ- 
five heat, as when the teſticles are kept a few 
minutes 1n air or water warmed, to about the 
thirty-fifth degree. 5 | 
If we combine the facts related in this and 
the foregoing paragraph, with thoſe of the 
EXXXth and CXXXIIſt, it will appear, that 
the ſame cauſes are deſtructive of the quali- 
ties of the ſeed, and the juice of the teſticles. 
Indeed it cannot be otherwiſe, ſince the lat- 
. — ter 
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ter fluid / eonſiſts chiefly of the former; the 
ſame worms inhabit both. Hence it may be 
underſtood how it came to paſs, that when 1 
bathed tadpoles with the juice taken from 
the teſticles of toads long kept by themſelves; 


fecundation did not take place; this was 


not owing to a deficiency, but to the bad 
quality of the juice. It was to no purpoſe 
to try the juice of the teſticles of young 
toads, before they are proper for generation; 
The failure aroſe from the want of ſeminal 
fluid, which, as is well known, is not pro- 
duced either in men or animals before a cer- 
tain age. | | ; 

CXXXIV. In the artificial fecundation of 
both theſe ſpecies of toad, I had uſed ſeed or 


juice of the teſticles not adulterated with any 


other ſubſtance: But having propoſed in this 
chapter to enquire into the conſequences that 
would follow the alteration of theſe liquors; 
it became me after the trials already infti= 
tated, to mix various matters with them. 
The flight difference between the ſeed and 
the juice of the teſticles, rendered it proba= 
ble, as in fact it happened, that their admix= 
ture would not prevent fecundation. Water 
too, theugh a fluid eſſentially different, did 
not ſeem likely to produce. ſuch an effect, 


-#nce the ſeed is emitted into water, and ne- 


ceflarily mixed with it; and with refpe& to 
the newt, we have ſeen, that this is a requi- 
ſite condition to impregnation (CXXIX): In 
the toad water heightened the prolific power 
of the ſeed ; but I content myſelf at preſent 
with giving a ſimple intimation of this fact, 
and defer to the next chapter a particular ac- 
count of it, as well as of the important deduc- 
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tions it affords. I here confine myſelf to 
other liquors. In opening the ſeminal veſicles, 
the ſeed which when unmixed has the purity 
and tranſparency of water, is always adulte- 
rated with blood that iſſues from the inciſion 
made in the abdomen : the mixture is then 


not unlike the waſhings of fleſh'; I have uſed 


it for bathing a conſiderable quantity of tad- 
poles, and have found it juſt as good as pure 
ſeed. Further, blood, after being thus mixed, 
ſoon coagulates, and if taken away, leaves the 
ſeminal liquor as pure as ever. .I have taken 
up ſome of the clots, and after rubbing the 
tadpoles with it, have found that it animates 


them, on account, no doubt, of the ſeed that 


adheres to it. The fame remark may be ap- 
plied to the other fluids of both male and fe- 
male toads; the bile, the ſaliva, the juices 
expreſſed from the liver, lungs and kidneys, 
and in ſhort the urine itſelf, do not prevent 


the ſeed from producing its proper effect, 


notwithſtanding the laſt is thought by many 
to be poiſonous, or at leaſt corroſive and acri- 
monious. Human urine is not prejudicial, 
provided it is uſed in equal quantity. But 
the number of tadpoles became leſs when the 
portion of urine was increaſed, inſomuch 


that when it was uſed in double quantity, 


none were evolved. Vinegar” agrees very 
nearly with urine. Human ſaliva is innoxious 
in whatever proportion it is employed. Here 
I may poſlibly be atked, whether a real incor- 
poration of theſe ſeveral liquors with the 
ſeed, took place: or rather, whether the ſeed 
formed a ſeparate and diſtin& body, as water 
poured into oil; in which caſe fecundation 
being effected, would not be a matter of ſur- 
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prize? I reply, with great confidence, that 
the mixture took place in the firſt of theſe 
ways, and never in the ſecond. When I 
dropped theſe different liquors into the ſeed, 
I was careful to obſerve what changes hap- 
pened, and that I might be better enabled to 
judge I uſed the microſcope. The mixture 
ſeemed always to be attended with a real in- 
corporation of the two fluids. When water 
was uſed, it appeared as limpid and homoge- 
neous as if it had been water alone. When 
the ſeed was mixed with black vinegar, the 
mixture had a blackiſh colour, and when 
with white vinegar, it was ſomewhat leſs 
opake. In both cates the acid loſt ſomewhat 
ol its ſourneſs, a certain proof that the ſemi- 
nal fluid, which of itſelf is infipid, had been 
diffuſed through the whole of the vinegar. 
TE ſame thing took place when urine was 
tried. . | : 

The juice of the teſticles after being mix- 
ed with the ſame fluids, loſt nothing of its 
efficacy. And as it tinged theſe fluids with 
its own colour, 1t was reaſonable to infer that 
it was incorporated with them as well as the 
iced. It appears therefore, that both theſe 
prolific liquors preſerve their qualities ſome 
time after the death of the animal, both when 
pure, and when by being mixed among other 
matters they have ſuſtained a conſiderable di- 
viſion of their integrant parts. But I ſhall 
ſpeak more particularly concerning fecunda- 
tion after a great, nay, almoſt infinite ſepa- 
ration of the particle. 

CXXXV. I now come to deſcribe the va- 
rious changes I have endeavoured to effect on 
tadpoles before fecundation, which was wo 
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other principal object of enquiry. Having kite 
led ſeveral females in the way deſcribed in the 
CXXXth paragraph, I left the tadpoles for 
ſome time in the uterus. I withed to know 
how long after the death of the female, the 
young are capable of being impregnated ; 
eight hours did not prove hurtful to them, 
nor twelve ; but when bathed with ſeed, after 
thirteen or fourteen hours had elapſed, the 
difference became evident, for out of about 
two hundred, more than eighty periſhed: 
To the tadpoles of three toads, ſixteen hours 
continuance in the uterus was fatal, but ſez 
veral taken out of that of a fourth came ta 
perfection. This inſtance may ſerve to con- 
firm a maxim adopted by the moſt able phi- 
loſophers, according to whom a great mul 
tiplicity of trials is not merely expedient, 
but neceffary, when we would eſtabliſh any 
propoſition. The induration of the tad- 
poles of the three firſt toads, the thick- 
ening of the mucus and its incipient 
putrefaction, were indications ſufficient to 
make me apprehenfive, leſt the application of 


| ſeed ſhould not be attended with any effect. 


But I ſuppoſed, that in a lower degree of heat 
the tadpoles might be kept longer, for theſe 
experiments were made in June, when the 


thermometer in the ſhade ſtood at 20*—22* (a), 
It readily oecurred to me, that recourſe ſhould 


be had to an ice-houſe, in which I had before 
kept the prolific liquors good for a conſider- 
able time (CXXXI, CXXXII). | 

My ſuppoſition was confirmed by experi- 
ment. Tadpoles leff in the uterus of two 


(@) 20=77,, 22815. 
females 


DISSERTATION H. 139 


females for forty-one hours in this degree of 
cold, and afterwards moiſtened with ſeed, came 
moſt of them to perfection. I cannot inform the 
reader what effect is produced by immerſinę 
tadpoles in various liquors, not having ha 
time for making ſuch experiments. The 
only one which I could. try was water; 
and I ſhould not have imagined, that it would 
be ſo detrimental as it really proved to be, 
confidering that the tadpoles are always depo- 
ſited and live in water. After tadpoles ex- 
tracted from the uterus of a living toad, 
have been left four hours in water, the ap- 
lieation both of the ſeminal fluid and t 
Juice of the teſticles was quite ineffectual. 
They all turned putrid in a few days. The 
ſame event took place on other occaſions, af- 
ter the tadpoles had lain for three, two, and 
even one hour in water. This unexpected 
phenomenon made me defirous of aſcertain- 
ing the preciſe time, during which tadpoles 
may be kept in water without being rendered 
unfit for fecundation. I found it to be ex- 
ceedingly ſhort, about thirteen minutes ; ma- 
ny kept immerſed longer, never came to per- 
fection, and after a continuance of fifteen mi- 
nutes not one was evolved. This at leaft 
Fre what I obſerved concerning ſevaral hun- 
But how does water ſo ſoon damage theſe 
embryos? It is quite contrary to what happens 
when they are kept in the dry, whether they 
are left in the uterus, or placed in a veflel; 
for it is certain, that a continuance of ſeveral 
hours will not under this circumſtance pre- 
vent the effects produced by fecundation. 
The beſt method of inveſtigating the _— 
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of the difference ſeemed to be, to obſerve 
carefully what happens. to the tadpoles, and 
the mucus in which they are imbedded, while 
they continue in water. It has been already 
ſeveral times obſerved, that the mucus and 
tadpoles conſtitute two long cords, which 
the female ſlowly diſcharges. The cords at 
firſt fall to the bottom, but if the weather 
be warm they ſoon riſe to the top, and con- 
tinue to float. This aſcenſion ariſes from an 
increaſe of bulk, which renders the ſtrings 
ſpecifically lighter than water. The dilata- 
tion. is obvious to the ſenſes, and if the dia- 
meter be taken before they are put into water, 
and after they have been immerſed ſome time, 
it will be found to, be enlarged. This 
change muſt, I think, be imputed to water 
inſinuating itfelf between the particles of the 
mucus. And my opinion is confirmed by the 
two following reaſons; the ſtrings, when left 
in the dry, do not increaſe in bulk; and if 
thoſe which have been immerſed be ſqueezed, 
water will ooze out of them. From theſe ob- 
ſervations, I think we may account for the 
hindrance water occaſions to fecundation. It 
is obvious, that the ſeed muſt traverſe the 
mucus, in order to reach and impregnate the 
tradpoles. Now it muſt either inſinuate it- 
ſelf into the pores of that ſubſtance, or paſs 
along certain ducts provided on purpoſe by 
nature. When theſe openings, of whatever 
kind they may be, are free, as in the cafe when 


the cords are kept in the dry, the paſſage of 
the ſeed through the mucus will not be 
interrupted; but ſhould they be cloſed, 
its ingreſs will be prevented; this muſt 
be the conſequence of immerſion in * 
an 
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and thus we come to underſtand why in a few 
minutes they are rendered incapable of being 
fecundated.. = | 
CXXXVII. The inſuperable obſtacle ariſ- 
ing from the infinuation of water, has been 
guarded againſt by Nature, when fecundation 
Is left to the animals themſelves. The male 
toad, as well as the male frog, eject their ſeed 
upon the ſtrings, after they have been only 
a very ſhort time in water. And I have 
found, that the male always impregnates thoſe 
which have been juſt brought forth, and 
which conſequently have been juſt ſubjected 
to the action of water. Thus as if they could 
foreſee that fecundation would not take place 
after the tadpoles have lain ſome time in 
water, they never beſprinkle ſuch with ſeed. 
have put ſome females in water by them- 
ſelves during the act of parturition, and after 
about a yard has been excluded, have admit- 
ted an equal number of males. The males 
aſſumed their proper ſtation without delay, 
and began to impregnate the tadpoles lying 
cloſe to the anus, without paying any regard 
to the others. I faid above, as , they could 
foreſee; for it is certain, that theſe animals 
have not ſagacity to diſtinguiſh between thoſe 
that are fit, and thoſe that are unfit for im- 
pregnation. The inſtinctallotted tothem by Na- 
ture, prompts them to mount upon the female, 
and in this ſituation to impregnate the young. 
In ſuch a poſture, they neither do nor can im- 
pregnate any but thoſe ſituated near the parts 
of generation; and thus they unwittingly 
fulfil the great purpoſe of Nature, the pro- 
pagation of the ſpecies. Hence it is evident, 
that although fecundation is external both = 
RM toads 
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1242 DISSERTATION II. 
toads and frogs, as it is commonly ſuppoſed 


to be in fiſhes, it is not effected when the 


fetuſes are ſeparated from the female, and lie 
at the bottom of the water. Of this truth, I 
have had the moſt ample proof in every ſpe- 
cies of frog and toad mentioned in theſe two 
diſſertations ; for when many pieces of cord 
have been put in veſſels of water containing 
males, of which the ſeminal veſicles were 
quite turgid, not one fetus out of fo large a 
number ever came to perfection. We muſt 
therefore conclude, that not a drop of ſeed 
was ever caſt upon them, ſince we have ſeen 
that a fingle drop is ſuthcient to impregnate. 
great numbers. 


f 


n 


ARTIFICIAL FECUNDATION OF THE TREE“ 
FROG, AND THE GREEN AQUATIC FROG, 
FT WAS obliged to confine myſelf to a few 
experiments on the tree-trog, as well as on 


the water-newt, not on account of the dith- 


culty of bringing the fetuſes to perfection, as 
was the caſe with reſpect to that diminutive 

uadruped, but on account of the few I poſ- 
este when I was engaged in theſe experi- 
ments. All the information therefore which 
J am able to give the reader, conſiſts in aſſur- 


ing him, that my attempts to produce artifi- 


cial fecundation. were ſucceſsful with foyr 
| He £1 couples 
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couples of the tree-frog, both when the ſeed 
2nd the juice of the teſticles was employed. 

I ſhall therefore proceed to the green aqua» 
tic frog, a ſpecies with which its prodigious 
abundance in the plains about Pavia has ena- 
bled me to 'make as- many trials as I could 
with. But in the firſt place, let me dwell a 
moment upon the deſcription of the parts of 
generation belonging to the male; thoſe of 
the female, have been already deſcribed. in the 
firſt chapter of the foregoing diflertation. 

After the abdomen has been opened, and 
the inteſtines removed, the bladder, the ſemi- 
nal veſicles, and the teſticles appear in fight. 
The firſt of theſe parts hes very near the 
anus, and is apparently divided into two lobes, 
though it has in reality only one cavity, for 
it may be evacuated by opening either lobe. 
When the bladder is full, it partly covers the 
ſeminal veſicles; but when the urine is eve- 
cuated, they are ſeen very diſtintly. They 
lie a little hagher than the bladder, and con- 
ſiſt of a thin membrane, through which the 
iced is feen; it has the tranſparency of water. 
Each of the veſicles is provided towards the 
top with a long appendix, which is inſerted in 
the epidydimis, and may be called the vas de- 
rens. Four teſticles have been ſometimes ob- 
ſerved in the newt, an obſervation which I 
have had occaſion to verify. But frogs and 
toads are never ſo richly provided. - the 
. ſpecies there are two teſticles, which 
have the colour of the yolk of an egg, and 
are externally granulated like thoſe of toads; 
they are very full of juice at the ſeaſon of 
amours, as are allo. the ſeminal veſicles 
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CXXXIX. I uſed both the ſeed and the | 


Juice of the teſticles for artificial fecundation. 


My firſt trials conſiſted in impregnating tad- 

es, recently taken out of the uterus of 
Wing females, with the recent prolific fluids 
of the male. I afterwards uſed theſe liquors, 
after they had been kept and were approach- 
ing towards putrefaction, upon tadpoles in 
like circumſtances. Laſtly, I tried the effects 


of mixture with different ſub{tances. Theſe. 


heads comprehend the experiments related in 
the foregoing chapters. The event was the 


1ame, with the exception of a few ſlight va- 


riations. The prolihc liquors of the green 
aquatic frog preſerved their qualities longer 
than thoſe of toads; but they do net ſo well 
reſiſt the action of ſudden heat. The feed of 
toads, expoſed to a temperature denoted by 
32® for a few minutes, did not loſe its virtue 
(CXXXI), but that of this frog did in my 
experiments. The prolific liquors of the frog 
3 their efficacy when mixed with more 


uman urine than thoſe of the toad will bear. 


The tadpoles of the frog ſooner loſe the capa- 
bility of being fecundated in the uterus of the 
dead female than thoſe of the toad. Such are 
the principal differences. 2 

CAE. T now proceed to an account of ſome 
new experiments, which I hope will be ac- 
ceptable to the reader. I had on all occa- 
ſions either completely covered the mucus 
which ſurrounds the fetuſes with the prolific 
liquor, by means of a pencil, or immerſed 


them in a quantity contained in a watch- 


glaſs, ſo that every part was moiitened. But 
is it to be ſuppoſed that they muſt be fo ex- 


dance, 


actly covered? The queſtion was of import- 


rr ion: 
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ance, and experiment alone could decide it. 
The mucus 1s not drawn out into long cords 
as in toads (XLV, LXVIII), but is mould- 
ed into balls or globules, of which each con- 
tains a tadpole. Theſe balls, when taken out 
of the uterus, - may be eaſily ſeparated: I 
bathed ſome all round, others only over one 
hemiſphere, and others over one-third of 
their ſurface ; they were immediately put into 
water. The animation of all theſe tadpoles 
proved, that it is not neceſſary to cover more 
than a part of the mucous ſpheres with 
ſeed. The tadpoles of this ſpecies are round; 
one hemiſphere is white, the other black 
(XIV). Does bathing the mucus which is 
oppoſite to the black or the White hemiſphere 
produce fecundation moſt certainly? Or is 
this an indifferent circumſtance? Experiment 
ſhewed, that whichever part is moiſtened with 
feed, the tadpoles are evolved alike: : 

In my laſt trials I had not bathed a ſmaller 
portion than one-third of the ſurface, But I 
did not ſtop here. I reduced the ſpace more 
and more, till there remained not above the 
point of a pen, and even of a ncedle, which I 
dipped into ſeed, and then brought once into 
contact with a ball; and yet fecundation as 
readily followed, as when the globules were 
covered all over. I was next curious to know 
whether a quantity of ſeed ſo inconfiderable 
would fecundate the tadpoles lying conti- 
guous to the ſphere that I touched. I placed 
twenty-four globules in twelve watch-glaſſes 
full of water; the two globules in each glaſs 
lay cloſe to each other, and the viſcidity-of 
the gluten kept them in this ſituation. I 
then touched, with the point of a needle 

Yok. II. L . dipped 
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dipped in ſeed, one ball in each glaſs. But 
as twenty-two tadpoles came to perfection, 


it appeared that every drop of feed had im- 


pregnated two. I repeated this curious ex- 
periment with the ſame quantity of feed, and 
alſo with a ſmall addition. In the former 
caſe the number of tadpoles that grew to per- 
fection was double of that of the balls that 
were touched: in the latter it always was; 
nay, when two globules were brought into 
contact with that which was touched, the 


tadpoles of both were very often evolved. 


'The ſeed therefore of the great aquatic frog 
is ſo powerful, that the ſmalleſt drop is 2 
ficient to impregnate ſeveral tadpoles. 
CXLI. Conſidering that in this ſurprizin 
experiment the ſmall quantity of feed mu 
have pafſed through the mucus, before it 
could fecundate the tadpoles, I thought it 
worth while to try what would be the con- 


ſequence of doubling the thickneſs of this 


ſubſtance, and uſing the ſame portion of ſeed. 


Having put with this view fome ſingle glo- 
bules in watch-glaſſes, I laid hold of the mu- 
cus with a ſmall pair of forceps, and ſtretched 
it about an inch. After fixing it in this fi- 
tuation, I touched the extremity once with 
the point of a needle dipped in ſeed. The 
tadpoles ſometimes were ſpoiled, but they, 
not infrequently, came to perfection, an evi- 
dent proof that the drop of feed had traverſ- 
ed the whole thickneſs of the gluten, for as 
it Was extended in an cate direction, it 


 £0uld not be ſuſpected that it had run down 


the outſide. | 

The next experiment bears a cloſe relation 

to this. About fifty globules were put into 
3 ED : ga glaſs- 


2 glaſs- tube hermetically ſealed at the bot- 
tom. The tube was placed in a vertical po- 
fition ; and a ſtratum about an inch thick of 
gluten was placed at the top; the gluten was 
ſo fixed, that it roſe towards the eircumfe- 
rence, and was depreſſed in the center, and 
thus it formed a kind of funnel, Upon this 
was dropped a little ſeed, and as ſoon as it 
was loſt (which ſoon happened), the gluten 
was removed, and the tubes were 4 in 
water, When the quantity of ſeed was not 
exceedingly ſmall, almoſt all the tadpoles 

were animated, at other times ſeveral ſpoiled: 
Ii repeated the experiment, ſubſtituting the 
white of an egg in the place of the mucus. 
But then not one tadpole was evolved. When 
put a little upon the globules, it grew pu- 
trid and communicated the ſame fermentation 
both to gluten and tadpole, e 
The two firſt experiments related in this 
paragraph, ſhew the wonderful efficacy of the 
ſeminal liquor of the frog, 1 ſuch 
mall quantity in penetrating into the mucus, 
and paſſing through it without loſing its vir- 
tue. This phænomenon maſt be either o- 
ing to the pores of this ſubſtance, or to ca- 
pillary tubes wrought by nature, in order to 
„ 
of the tadpole. The white of the e 1 
deſigned for the firſt ens LL. 
chic. an animal widely different from the 
tadpole, muſt neceſſarily be conſtructed dif- 
ferently from the mycus, which affords nou- 
riſhment to the tadpole. Hence it is eaſy to 
comprehend why the paſſage of the prolific 
liquor through the white is impoſſible, while 
it is ſo eaſy through the gluten. 2 
L 2 XLII. 
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XI. II. But if we are ſtruck with ſurprize 
by the ſmall doſe of ſeed which is capable 
of effecting impregnation, the following ex- 
,periments will very much increaſe this emo- 
tion. In the CXXXIVth paragraph I inti- 
{mated that this fluid, when mixed with wa- 
ter preſerves its efficacy, but I poſtponed the 
Particular diſcuſſion of this matter: I ſhall 
now enter upon it. In my firſt trial, equal 
quantities of the ſeminal liquor and water 
were uſed. Finding that this mixture was 
fit for my purpoſe, I doubled the proportion 
of. Vater. In every experiment I employed 
What was- afforded by the veſicles of one 
frog, which never exceeded three grains. 
But the effect was heightened: very much by 
' 88 increaſe of water, inſomuch, that twice 


* 


the number of tadpoles was evolved: Not 


tbat the water concurred in producing this 
difference by any virtue of its own, but be- 
.cauſe the feed! was ſo much attenuated, that 
it might be ſpread over twice the number of 
tadpoles. For the fame reaſon, When the 
Water was in the proportion of four to one, 
three hundred came to perfection, whereas 
when theſe fluids were in equal quantities, 
not mere than one hundred were evolved. 
. his fortunate reſult gave me courage to try 
the. mixture of a pound of water with three 
Brains of ſecd. And here my, ſucceſs. was 
greater than I could have conceived. TO m 
aſtoniſhment almoſt all the tadpoles:furniſhed 
hy-the uterus of two-females, were brought 
49 ite by being immerſed in this mixture. 
Convinced that admiration ſometimes takes 
{ach.. ſtrong hold of an Object as to hinder 
reaſon from conſidering it properly, 1 

p | | ſought 


* 4 
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ſought to leſſen it by a reflection. When I 
put the tadpoles into water, they ſunk, as 
uſual to the bottom, where they were held 
by the mucus. Now did it happen that 
the ſperm, heavier perhaps than water, fell 
to the bottom, exactly upon the ſpot on 
which the tadpoles lay? If fo, fecundation: 
was not produced by ſeed diffuſed through ſo 
much water, but confined to a much nar- 
rower compaſs. By this ſuppoktion, ſhould it 
prove true, the wonder would be very much le- 
{ened. The way I took to determine this queſ- 
tion was, to mix the ſeed of another frog with 
a freſh pint of water. Now ſuppoſing the ſpe- 
cific gravity of the former liquid to be greater, 
it would go to the bottom in the ſpace of an 
hour. At the expiration of this time I fixed 
tadpoles at various heights in the water. If 
we ſuppoſe that the ſeed fell to the bottom, 
it is obvious that thoſe only which lay there 
would be impregnated. This indeed hap- 
pened, but at the ſame time all thoſe Which 
occupied different ſtations were likewiſe im- 
pregnated, not excepting thoſe which were at 
the ſurface. Nor could I perceive that the 
loweſt had the advantage of being evolved in 
greater proportion. The conſequence is ob- 
vious, the feed did not fall to the bottom, 
but was diffuſed equally through the mals. 
The firit ſurprize therefore returns. Three 
grains of teed may be diluted in a pint of Wa- 
ter, without loſing their ſtimulating power! 
CXLIII. The reader will eaſily gueſs, that 

after having carried the experiment ſo far, I 
would urge it onwards, and employ quantities 
of water ſucceſſively larger, till the fecunda- 
ting virtue ſhould be diminiſhed or deſtroyed, 
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for it is natural to imagine that this muſt 
| Happen at laſt. I therefore next employed 
eighteen ounces ' inſtead of twelve, and 
the tadpoles placed at different heights 
did as well, had: were nearly as numerous as 
before. But the product was leſs in two 
pounds of water, and about one- third leſs in 
three, four pounds were ſtill more prejudi- 
cial. But notwithſtanding this diminution 
of effect, I could not help wondering when 1 
faw that even upon the addition of twenty- 
7 pounds of water, a few tadpoles received 
life. 5 5 "98 
'- CXLIV. We have already ſeen how ſmall 
a quantity of pure ſperm ſuffices, a drop taken 
up by the point of a needle! (CXL). This 
truth appears with ſtronger evidence, when 
three grains are diffuſed in twelve, and in 
eighteen ounces of water (CXLII, CXLIII), 
But the facts which I am now to adduce, 
prove yet more forcibly that a quantity in- 
finitely ſmaller will produce the fame effect. 
How'diminutive muff be the particles of ſeed 
comprehended in a drop of water ſcarce viſi- 
ble, and taken from a maſs of water of eighteen 
ounces, in which three grains of the ſemi- 
nal fluid have been diluted, the reader may 
imagine. They are, notwithſtanding, capa- 
ble of producing fecundation. I dipped the 
point of ' a needle into this mixture, and 
touched ſeveral globules with it. The dia- 
meter of the drop taken up was about one- 
fiftieth of a line. To my great ſurprize the 
tadpoles frequently grew to perfection. And 
what added ftrength to this emotion was, 
to find that thoſe imbedded in globules 
touched at one point, were evolved Ju - 
EO Ee. © > Wa LY Wn IgA J)) ge © nfs 1ST we 3 
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well, and as ſpeedily, as thoſe of others im- 
merſed in pure ſeed. : 
CXLV. Having ſeveral pounds of water, 
containing each three grains of ſeed, I was 
unwilling to lay them aſide before I had made 
ſome further experiments. I firſt tried, whe- 
ther the water is rendered ſterile by the fe- 
cundation of a number of tadpoles. As many 
globules as a pound of water would contain 
were immerſed in it; they amounted to ſeve- 
ral thouſands. After they were taken out, 
others were thrown in; and theſe came to 
life juſt as well as the former; and ſo did 
others afterwards unmerſed. I was weary of 
repeating the experiment before the water 
loſt its efficacy. I kept an account of the 
 tadpoles of fifty frogs, which were ſucceſ- 
ſively put into this water without impairing 
its prolific power. | 
I next tried, whether the fetuſes of frogs are 
brought to life ſooner by a long continuance 
in the water. A pound was divided into 
equal portions, and in one ſome globules were 
kept immerſed for a ſecond, and then put into 
pure water ; at the ſame time, other globules 
were put into the other portion and left in it; 
but there did not appear to be any difference 
in the evolution of the tadpoles. e 
Laſtly, I wiſhed to know how long water, 
containing ſo ſmall a quantity of ſperm, pre- 
ſerves its qualities. It preſerves them longer 
than pure ſeed. It would impregnate tadpoles 
thirty-five hours after the mixture, when the 
thermometer ſtood between 17? and 19* (a) 
in my apartment. In an ice-houſe, in Which 
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the thermometer ſtood (a) z'! above the 
freezing point. I have before obſerved, that 
putrefaction probably deſtroys the prolific 


power of the feed (CXXXI). And ſince it 


does not ſo ſoon run into this degree of fer- 
mentation, when divided by a large quantity 
of water, we eaſily underſtand how it comes 


to retain its virtue longer. 


de -CXLth - o 
CXLVth paragraph, I have related experi- 


ments made with the ſperm of frogs, without 


mentioning the juice of the teſticles. But it 
muſt not be ſuppoſed that I have neglected 
to make uſe of it; the ſingularity and beauty 


of the enquiry in which I was engaged, re- 


quired that it ſhould not be overlooked. 1 
employed this juice in every trial mentioned 
in the -preceding paragraphs; whenever 1 
opened the ſemina] veſicles of a frog, I at the 
fame time took out its teſticles. I was thus 
eaſily enabled to remark the reſults : afforded 
by each of theſe fluids, and if there was any 
remarkable difference, it could not fail to 
ſtrike me; but no ſuch difference was ever 
perceptible. I may here clear up a doubt 
ſuggeſted in the CXXV th paragraph. I there 
obſerved, that the juice of the teſticles of the 
terreſtrial toad with red eyes and dorſal tu- 
bercles, impregnated in like circumſtances a 
ſmaller number of tadpoles than the ſeed. I 
was ſpeaking oi it when mixed with other ſub- 
ſtances; and I ſubjoined, that it was not in 
my power to determine, whether the defect 
was to be aſcribed to inferiority of efficacy, 


or to its thickneſs, a quality. which prevents 


(a) 3 2=39 or 40. 
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it from being ſpread over ſo large a ſurface. 
The addition of other ſubſtances, but eſpe- 
cially of water, ſhews, that the latter is the 
true cauſe. I have found on many trials, that 
the juice of the teſticles, as well of the frog 
as the toad, imparts to water as great efficacy 
as an equal quantity of the ſeed. 
CXLVII. I muſt not omit to mention ano- 
ther circumſtance of ſome importance. The 
great abundance of each ſpecies of toad men- 
tioned in the two preceding chapters, which 
has fallen into my hands in the courſe of the 
preſent year, has enabled me to make as many 
experiments with them as with the green 
aquatic frog ; and I have obſerved no effential 
difference in the reſults. Frogs and toads 
conſtitute but one genus; they copulate and 
propagate the ſpecies in the ſame manner; 
the reſemblance of the organs of generation 
in both ſexes is very cloſe; the fetuſes are 
impregnated in the fame way; they are alike 
imbedded in mucus: fo many marks of afh- ' 
nity eaſily enable us to comprehend, why ex- 
periments ſo numerous and various afford 
correſponding reſults. | 
Before I conclude my account of theſe at- 
tempts to effect artificial fecundation, I muſt 
make two obſervations. Every experitnent 
is not crowned with ſucceſs ahke. Suppoſe, 
for inſtance, five hundred tadpoles to be bathed * 
with the ſeed of a frog or toad, and ether five 
hundred with that of another. Let the 
quantity of this fluid be the fame in both 
caſes, and imagine the fetuſes to be taken 
out of the uterus. The effect will certainl 
follow ; we may be ſure that the tadpoles will 
be evolved ; but we cannot be equally ſure 
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that the ſame number, or nearly the ſame 
number; will be evolved ; for it ſometimes: 
happens, that the whole of one five hundred 
come to perfection, while halt of the other 
or mgre fail. So it falls out likewiſe when 
they are left to nature, as I have frequently 
witneſſed when I kept theſe animals in veſ- 
ſels, in order to diſcover the ſecret of im- 
regnation, and any follower of ſuch pur- 
uits may obſerve the ſame thing in the oper 
fields. In May we may ſee in the ſtagnant 
waters, in which frogs celebrate their amours, 
ſome tadpoles that have lately quitted their 
mucus and are ſwimming about, while others 
are ftill involved in it; but they ſhew ſigns 
of animation, and are ſeemingly eager to break - 
loofe from their confinement. If we fix our 
attention upon the latter, we ſhall perceive 
in the heap globules not clear and tran- 
ſparent like thoſe which contain living 
tadpoles, but turbid, and of a muddy. white 
colour; they have no motion, nor are they 
elongated like the others, but remain at reſt 
and preſerve their original round ſhape. The 
fflures upon the ſurface are evident figns, that 
the fetuſes will never grow to perfection. 
The ſame obſervation may be made upon the 
long firings of toads. This partial failure 
may be traced to two ſources: it may ariſe 
either from the ſeed or the tadpoles. If 
every part of this liquor ſhould not be equally 
prolific, the whole will not produce fecun- 
dation. Part alſo of the tadpoles may be 
vitiated, and incapable of being impregnated. 

My: ſecond remark relates to the difference 
of time requiſite for evolution. Though they 
ſhould all be taken from the ſame fituation, 


and 
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and all equally covered with ſeed, yet they will 
not all be equally forward in their growth. 
There will be ſometimes the difference of 
a few hours, and ſometimes of a whole 
day. It may be obſerved, that of the lateſt 
more fail than of the others. This circum- 
ſtance guided me in my enquiry, whether a 
ſmaller quantity of ſeed did not produce ſuch 
ſpeedy effects. This did indeed now and 
x take place, but my often repeated trials 
convinced me that it was but ſeldom. Upon 
the whole, thoſe which were impregnated 
with a larger quantity of feed were not more 
advanced, and in a few inſtances they were 
not ſo forward. Upon weighing the ſeveral 
facts which I obſerved, I was obliged to con- 
clude, that a larger or ſmaller quantity of 
ſeed is an indifferent circumſtance in this re- 
ſpect. The tardineſs of evolution ſeemed to 
be owing to the cauſes ſpecified above. 
CXLVIII. I will conclude the chapter, 
with an anſwer to a queſtion often aſked con- 
cerning artificial fecundation. Many lovers 
of experimental inveſtigations have enquired, 
whether the tadpoles and newts which I 
brought into life, exactly refembled, both 
externally and internally, thoſe which are the 
product of pure nature; and whether I was 
certain, that they loſe the ſhape of a worm in 
order to acquire the form of the ſpecies. * 
When firſt I was thus interrogated, I was ac- 
quainted only with the few reſults of my firſt 
experiments made 1n 1777, and conſequently 
could not give a ſatisfactory anſwer. The 
lineaments appeared to be very much alike, 
both in the products of art and thoſe of na- 
ture; but I had not then conceived any _ 
e "IF 
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of making a particular compariſon between 
them. After I had obtained my purpoſe: of 


bringing theſe animals to life, and they had 


rown to maturity, I was willing to enquire 
— though I ſaw no reaſon for ſuppoſing 
that artificial fecundation ſhould alter the 
laws of nature. The compariſon was how- 
ever made in the preſent year (1789), and I 
can confidently affirm, that upon the moſt 
minute examination I have never diſcovered 
the ſmalleſt difference; either in the external 


or internal parts; both the one and the other 
have undergone the accuſtomed change at the 


time appointed by nature, the tadpoles be- 
coming trogs and toads, and the young newts 
loſing their gills and producing their legs. 
It is therefore evident, that artificial fecunda- 
tion does not produce the ſmalleſt alteration 
in the economy of theſe animals, but that 
every thing proceeds in the ſame regular te- 
nouras in natural fecundation. N 


. 
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TT HITHEETO I have ſeldom departed 
from the duty of the mere hiſtorian; a 
duty which I have diſcharged with the greater 
pleaſure, ſince the facts I had to relate had 
the recommendation of novelty. But it is 
now fit that I ſhould aſſume the character of 
the philoſopher ; that I ſhould analyze and 
compare theſe facts, and employ them not 
only for the further illuſtration of ſome truths 
Which I have cſtablithed relative to genera- 
| tion, 
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tion, but alſo for the explanation of different 
phenomena accompanying this admirable 
function. The following reflections will, I 
hope, contribute to this purpoſe. GT 
i. That the females of ſeveral amphibious 
animals contain in their uterus fetuſes com- 
pleatly generated before the approaches of 
the male, is one of the princ1 of propoſitions 
ſhewn in the preceding di It is 
proved at — in paragraphs XVIII, XIX. 
XXX. LIV, LV, LVI, LVI Ti 
It is confirmed in the CXX VLlth paragraph 
of this diſſertation. Hence by paragraphs 
CX, CXI. are deſtroyed the two famous y. 
tems of the Eprgene/iſts and the Vermicutlifts. 
The facts related in the preſent diſſertation 
furniſh a new proof, or rather a demonſtra- 
tion of their falſhood. Let us take a ſhort 
view of the queſtion. Thoſe who conſider the 
ſpermatic worms as the immediate authors of 
generation, muſt of neceſſity ſuppoſe, that 
they exiſt in the ſeed whenever tecundation 
takes place. It is therefore obvious, that 
according to this ſyſtem the ſeminal fluid 
will be unprolific, when it is totally deſti- 
tute of theſe inhabitants. And indeed its 
_ advocates admit this. But it does not agree 
with facts. Though in the ſeed of the ani- 
mals ſo often mentioned vermiculæ may be 
generally obſerved; yet in that of two toads 
they were entirely wanting ; but it impreg- 
nated tadpoles, juſt as well as the ſeminal 
fluid of other individuals, however well 
peopled that might be (CXXII). In the 
next place, when the ſeed of the frog or the 
toad is mixed in equal quantity with human 
urine or vinegar, the worms are all W 
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The feed, however, as I obſerved in the pro- 


7 place (CXXXIV), did not loſe its pro- 
ific power. It retained this power when a 


few grains were mixed with twelve ounces 


of water, and even with eighteen, though I 


could not diſtinguiſn a fingle ſpermatic 


worm, ſo thinly were they diſperſed through 
that large body of water. It ought like- 
wiſe to be obſerved, that in ſeed long kept, 
which yet anſwered the end juſt as well, I 
often found the worms dead, and —_ 


upon the fluid of the veſicles, and likewil 


upon the juice of the teſticles. Laſtly, I 
could eaſily bathe tadpoles with ſeminal li- 
. abounding in worms, and yet prevent 
them from having the leaſt concern in fe- 


cundation. When a drop is put upon the 


object-glaſs of the microſcope, every part 
of it is full of worms. is hen 5 lletle 
evaporation has taken place, they begin to 
quit the circumference, and aſſemble towards 
the center, as the animalcules of infuſions 
uſually do. As evaporation advances, the 

continue to fly towards the center, thoug 

many are caught, and die in the dried part 
of the drop. At this time I could take up 
with the point of a needle, at the edge of 
the liquor, many drops that were entirely 
without worms. That I might be quite 
certain, I placed what I took upon another 
object-glaſs; and when J found that it was 
quite free from worms, I touched ſeveral 
tadpoles, and found that they came to per- 
fection. - My long experience in the world 
of microſcopical animals, whether belonging 
to man or animals, will, I hope, youch for 
me, that I was not deceived in this delicate 

inveſtigation, 
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inveſtigation. Theſe facts prove then irre- 
fragably, that the ſyſtem of Lewenhoeck 
and his followers is falſe. 2 8 _ 

CL. This ſyſtem, it is true, had been at- 
tacked by many naturaliſts, among whom 
Valliſnerl, my illuſtrious fellow=-caitizen, is 
entitled to particular praiſe. But if we con- 
ſider their arguments we ſhall find that the) 
are rather alluring, if I may uſe the exprei- 
ſion of the great Verulam, than convincing. 
Haller alone, the immortal Haller, has, in 
my opinion, produced an inſuperable objec- 
tion againſt the ſpermatic worms, conſidered 
as the authors of generation. It is deduced 
from his celebrated diſcovery of the con- 
tinuation of the membrane of the yolk with 
the inteſtines of the chicken. Now as the 
yolk exiſted in the hen before ſhe received 
the cock, ſo did the chicken likewiſe before 
fecundation. Whence he drew this corol- 
lary, that the chicken had no dependence 
upon the ſpermatic worms, which paſs from 
the cock to the hen. This wiference, how- 
ever juſt and direct it- may appear, has not 
eſcaped the ſubtle cavils of ſome, who have 
objected the pofitbility of an inoſculation be- 
tween the membrane of. the yolk, and the 
{permatic worm coming from the male, 
whence they derive the continuation between 
that membrane and the inteſtines, obſerved 
by the phyſiologiſt of Berne. He, how- 
ever, in-his great work, and, after him, the 
acute Bonnet, have ſhewn how unphiloſo- 
phical ſuch a ſuppoſition is. But it is cer- 
tain, that no ſuch notion can be applied to 
my obſcryations on tadpoles, both becauſe. 
they exiſt before fecundation, and becauſe in 
h CXPerity 
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experiments, in which artificial fecunda- 


worms had no concern. 7 
CLI. This ſingular mode of impregna- 
tion, equally demonſtrates the falſhood of 
Epigeneſis, or of that ſyſtem, which has 
been raiſed from the dead, protected and ca- 
reſſed by Buffon; who, by means of his ar- 
ganic molecules, has created an imaginary or- 
ganic world, as his countryman Deſcartes 
Bad before conſtructed the whole maſs of 
exiſtences, both organic and inorganic, with 
his ſubtle matter. The ſpermatic worms 
having firſt ſtruck his fenſes, and being 
thence transferred to his fervid and creative 
fancy, loſt their former name of animals, 
and acquired the new title of organic mole- 
cules. What violence has been offered to 
nature by this unintelligible metamorphoſis, 
I need not now attempt to ſhew, haries 


tion was produced (CXLIX), the ſpermatic 


treated the ſubje& at length in my ſecond 
lay on the Natural Hiſtory of Animals and. 


Vegetables. But if I admit, for a moment, 


the reality of this extravagant opinion, it 


will follow, that whenever the ſeminal li- 
quor of animals is deſtitute of worms, it 
muſt, according to this renowned naturaliſt, 
be alſo deſtitute of organic molecules. And 
as fecundation and generation depend upon 
the various combinations of theſe molecules, 
ſeed that does not contain any of them muſt 
be unfit for ſuch purpoſes. In the inſtances 


mentioned in the CXLIXth paragraph, the 


ſeed of frogs and toads mult therefore have 
been unprolific, which is directly repugnant 
to. „ 6 


* 
* 
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CLII. II. The confutation of theſe fyſ-- 
tems confirms more and more this important 
truth, that the young belong vn (ur; to 
the female, whila the male only furniſhes a 
fluid, which determines them to aſſume mo- 
tion and life. I would not indeed aſſert, 
that theſe little organized bodies are without 
motion before they experience the action of 
the maſculine liquor. From the time at 
which the tadpoles in the ovaria fall under 
the cognizance of the ſenſes, till they are 
about to be impregnated, they grow con- 
ſiderably, inſomuch that they are many 
times larger at the latter than at the former 
period. Now growth implies nutrition, nu- 
trition the circulation of the fluids, and cir- 
culation depends on the pulſation of the 
heart. I therefore conceive, that, previouſly: 
to the influence of the ſeed, there was a be- 
ginning of motion and life, but in a degree 
exceedingly dull and languid, from the ex- 
treme ſlowneſs of the movement of the 
fluids; but this idea occurred to Haller and 
Bonnet before me. Hence tadpoles would 
never be ſo rapidly evolved, or atttain that 
ſenſible animation, which we denominate: 
life, if they were not ſubjected to the in- 
fluence of the ſeminal fluid. This raiſes 
them from a ſtate of apparent ſhapeleſſneſs 
and immobility, and produces a due unfold- 
ing of the limbs, and evident motion, and 
active life. : : . 
But the ſeed, in order to exert its power. . 
upon tadpoles, muſt penetrate into them; 
for 1t 1s not likely that it can produce ani- 
mation by mere impreſſion - upon the. ſkin. 
Are the paths by winch it enters perceptible 

Vol. I. M to 
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to the eye? I have beſtowed much attentibn 
upon this queſtion, and the repeated in! 
ftances of Mr. Bonnet have ſtill further en- 
aged me in ſo difficult an enquiry. I there- 
re examined ſome mucilaginous globules 
diſcharged by frogs, with a weak micro- 
| ſcope. The mucous cover was ſo tranſparent, 
that I might have ſuppoſed the tadpoles to 
be naked, if I had not been ſure of the pre- 
fence of the gluten. But I could not per- 
ceive any pore or aperture either on it or the 
tadpoles. Neither did a glaſs of more highly 
magnifying power ſhew any ſuch appearance. 
I next. ſtripped the fetuſes of their mucus, 
but: diſcovering nothing in thoſe - globules 
that were full, I determined to try whether 
evacuating them would contribute to the ſue- 
ceſs of my enquiry. Making, therefore, an in- 
cifion with a ſmall ſcalpel; I preſſed out all 
the ſemifluid matter lying within, ſo that no- 
thing remained but the empty fkin or mem 
brane. This was examined firſt with a weak 
and. then with a powerful lens, when there 
g an immenſe W of lucid points, 
which may reaſonably be ſuppoſed to be fo 
many pores: I ſaw the ſame apertures upon 
the tadpoles of toads: This ſuppoſition, 
therefore, ſhews how the ſeminal fluid enters 
into the body of the tadpole through innu- 
merable mouths. The preſence of theſe 
pertures upon every part of the ſkin, ex- 
Plains a phænomenon before mentioned, why 
tecundation takes place whatever part of the 
globule, whether that which correſponds'to' 
the belly, or the head, or the tail, be touched 
with ſeed; for when this fluid has traverſed 
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the gluten; it is ſure to meet with LENS 
pared ior its:entrance: 8 
CLIII. III. Thoſe, who have ſuppoſed 
that the fetuſes: are not generated during the 
act of fecundation, but that they pre- exiſt 
long before, and ate contained within the 
female, have explained their animation, by 
imagining, that the ſeed of the male enters 
into the fetus, and reaches the heart. By 
gently irritating the cavities-of this organ, it 
excites alternate dilatation and contraction, 
and thus the fluids-are forcibly impelled into 
their reſpective veſſels. Hence follow, as ſo 
many neceſſary conſequences, the dilatation 
of wg veſſels, an increaſe of the quantity of 
fluids, a greater irritability. of the heart, an 
univerſal expanſion of the. ſolids, and con- 
{quently the growth of the animals both in 
bulk. and maſs. . Such is the doctrine de- 
livered among others by Haller and Bonnet 
in their uſeful productions, and long before 
them by Valliſneri, who deſerves the greater 
praiſe, ſince he was unacquainted with the facts 
that directly prove the pre- exiſtence of the 
germ; and was guided only by the twilight of 
conjecture. When I conſider the evident pul- 
ſation of the heart, which is previous to the leaſt 
motion in any of the limbs, the evolution of 
the veſſels and of the whole animal, whick 
is conſequent upon the action of this mulcle 
its ri „that property, by virtue of 
which it reſumes motion, when ſtimulated 
by any mechanical agent, at a time when 
there are no remains of irritability in the 

other muſcles, all theſe circumſtances induce. 
me to. adopt the opinion of theſe writers. I 

ſhall, therefore, with them conſider the ſe- 
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"Both theſe effects are influenced by the 


de only a few degrees above CORO oY 


or. eleven are neceſſary. On t 


toad and of frogs is very quick, for they are 
fecundated in May a Fans. I once ob- 
ſerved; that when the thermometer ſtood at 
21*, they. became animated in Jeſs than 
—_ our hours ; whereas thoſe of the ve 

fame ſpecies (viz. of the green aquatic fro) 
did not arrive at this ſtate till the fifth day, 
when the temperature of the air was about 
23” (2. The fame variation is obſeryable in 
the fetuſes of the water-newt, of ſcaly 


Aſhes, the tortoiſe, the crocodile, and in 


general of oviparous inſects :- and what is 
truly ſurpriſing and ſcarce credible, the dif- 
ference of temperature has the ſame effect 
upon the eggs of birds, of which it might 
be imagined, that they could not be hatched 


but in a, determinate heat, ſuch as that of 
the female, which is about 32*(5). In thi 


17 * (a) 4612 r (b) 32=104 of F. ve 
. 7 | temperature 
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ſubſtance. But this is not the ſenſ 
Haller and his followers confider thoſe bo- 
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temperature the eggs of hens are hatched yery ry 
regularly in twenty-one days. But by a di- 
munition of the heat, Mr. Villers, a ſenſihle 


naturaliſt of Lyons, has retarded the 7 
ance of the chickens to the 25th; and Mr. 


ed them on the 13th day. E 
CLIV. IV. I have had occafion to make a 
ſingular obſervation upon the ſeed of the fro 


toad, the proper ſtimulant of the heart of 


the tadpole. It is diſtinguiſhed by two pro- 


x 


D'Arcet, by increaſing the warmth, has hatch- . 


perties from the ſeminal liquor of other ani- 
mals. It is as tranſparent as water, and has 


not the leaſt viſcidity. It eyaporates nearly 


in the ſamè time as water, and hence would 
ſeem to have no ſpirituous parts; as is more- 
cover evident from its not AER fire, when 

; flame of à candle, and ex- 
tinguiſhing burning coals when it is thrown 


brought to the flame of à can 


upon them. To the taſte it is inſipid, and as 
it does not efferveſce either with acids or al- 


kalies, it muſt be confidered as neutral. Theſe 
ear to agree but ill with 


Jene would app te ut ill 
the nature of a ſtimulant, if we underſtand 


by this term a pungent, cauſtic, or ſpirituous 
ſenſe in which 


dies which ſtimulate the heart. 3 


ſuch as are capable of irritating the 
this muſcle, by which means it is excited to 


motion, if at reſt, or if otherwiſe to an in- 
creaſe of action. To this claſs of ſtimulants. 


belong the blood, water, air, and the ſemi- 


nal fluid; which will appear to be more pow-. 


erful than the fluids previouſly circulating in 
the tadpole, if we conſider the fois 


their motion. mM | 
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e DISSERTATION I... 


CLV. V. A. quantity of ſeed far more in- 
confiderable than we ou eva have ima- 
gined, is ſufficient to ahimate a tadpole. We 
have ſeen, that it is not neceſſary to cover the 
fetus eompleatly with this prolific fluid. A 
drop will tuffice (CXL), Further, thiee- 
grains mixed with twelve, and even Wẽith 
eighteen ounces of water, communicate: to 
every. part of it the power of fecunda- 
tien, ſince tadpoles placed in any part of the. 
mixture are impregnated (CXLII, CXLIII). 
The three graifis of ſeed muſt therefore have 
been diffuſed. through the whole maſs of wa- 
ter. But what an enormous divifion of its 
articles muſt ſuch a diffuſion occaſion ? i 
Fow ſmall a portion of the prolific liquor will 
fall to the ſhare of each tadpole ? Yet there 
afe facts which prove, that the ſemen ſtill re- 
tains its virtue after this exceſſiye diviſion ; . 
for I have found a globule one-fiftieth of a 
line in diameter taken out of a mixture of 
three grains of ſeed, with eighteen ounces of 
water, was often copayle of tecundating a. 
tadpole (CXLIV). Defirous of knowing the 
proportion which the tadpole (that of a frog 
is two-thirds of a line in diameter) bears to. 
the particles of ſeed diffuſed in a drop of this 
dimenſion, I have found, on calculation, that 
it is as 106,477, 77,7: 1. How infinitely lit- 
tle, therefore, is the quantity of ſeed in 
compariſon of the bulk of the fetus which 
it fecundates! This deduction led me to 
calculate the weight of the particles of 


ſemen diſperſed in this drop of water: it is 


7 rf a grain. That I might view 


the ſe particles under every poſſible aſpect Þ F 


* 
T 


* 
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DISSERTATION I wy 
reduced their bulk to cubic lines, when it 


appeared to be about equal to 5 a on * 
cubic line (a). 
LI. 2 


oy This note will ſkew how I obtained theſe minha; 
Afluming with Metzius, that the circumference of a ſphere 
is to its diameter as 355 113, the ſolid contents of a 


ſpbere of a cubic line! in diameter will be = = -- 277 11 8 
113 1135 7 


1420 of a cubic] line, and this will be the balk of a 0 


5 be fecundated. | g 
The ſolid contents of a ſphere 7; of a line in diameter 
are = — — 0. . and this will be. 
125000 113 X6 84 , 500% ) © © 43395 6 EP 
the maſs of the drop of water mixed with ſeed. 
The ſolid contents of a cylinder which has 37 lines 
for the diameter of its baſis, and is 35 lines high, are 


= —— ———.. and this is exactly the volume of 
I13X4 
water 1 18 ounces, in which three grains of Pe 
have been dropped. 
The ſolid contents of a cylinder of which the baſe i is 


one line in diameter, and the height 10 lines, is 


—10% 355 — 3552 222 ; and this | is the volume of the three 
1173 „ | 8 
grains of ſeed. 

Now ſuppoſing that chi ſeed is equally diffuſed in the 
water, the volume of water with the ſeed, and the volume 
of the drop of- water mixed with ſeed, will be proportional 
to the weight of all the ſeed, and to the weight of the ſeed' 
mixed with the drop of water. Hence, as the weight of 
all the ſeed is three grains, it will appear from the rule of 
three, that the weight of the ſeed diffuſed in the drop of, 


water is = — . ofa grain. e 


200,408, 7 50,0 
As in homogeneous bodies the weight is direcuy as the 


bulk, having the weight of the whole ſeed and that of the. 


ſeed mixed with the drop 1 we fall find by the 
4 rule 


33 
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© CLVI. VI. Here I may be aſked, how a 
portion of ſemen ſo infinitely ſmall can make 
ſuch an impreſſion upon the heart of a tad. 
pole as to accelerate its pulfations and in- 
creaſe their ſtrength, and thus to quicken the 
motion of the fluids and animate the whole 
fyſtem. I would reply, that there are not want- 
ing examples in the animal kingdom to give 
countenance to ſuch a ſuppoſition. A drop 
of the poiſon of the viper, introduced into a 
wound, is ſufficient to deſtroy the irritability 
of the muſcular and the ſenſibility of the 
nervous ſyſtem, and to cauſe the death of any 
animal, whether great or ſmall. A man, 3 
dog, an horſe or an ox, are deſtroyed juſt as 
certainly as a ſparrow, a goldfinch, or a mouſe, 
If we confider for a moment, the proportion 
between the bulk of the venom and that of 
an horſe or ox, we ſhall not be leſs ſurprized, 
that ſo ſmall a quantity of poiſon ſhould be 
fatal to theſe great animals, than that ſo mi- 
nute a portion of feed ſhould animate one in- 
finitely ſmaller (2). But we have facts that 
a 4 | RT. more 
rule of three, that the bulk of the ſeed contained in the vo- 
lume of water is nearly ; — of a cubic line. 
* br 300, 212, 042, O 1 
If we now compare the bulk of the tadpole with that of 
the ſeed contained in the drop of water, it will appear to 
be as 1064477577757 1 g 5 
| () I cannot but remark, that the author has been 
fomewhat unfortunate in the example which he has choſen. 
for the purpoſe of illuſtration. Fontana has proved, by 
numerous experiments, that the effects of the venom of 
the viper are directly as its quantity, and inverſely as the 
bulk of the poiſoned animal. This is very ſtriking in bis 
trials on dogs, of which the ſmaller ſpecies, were always 
deſtroyed by the ſame quantity that ſometimes TOP 5 
: | | ; middle- 
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more dire&aly prove, how very ſmall a quan- 
tity of ſeed may produce a conſiderable irri- 
tation of the heart, A grain of ſtorax thrown 
upon the fire will fill a whole room with its 
odour. The PREG therefore muſt be dif- 
perſed through every part of it, and notwith- 
ſtanding their extreme minuteneſs, are capa- 
ble of yellicating the nerves of the noſe, and 


_ exciting the idea of a particular ſmell. This 


vellication 1s ſo ſtrong, as to occafion ſneezing 
in ſome perſons of the more delicate ſex. If 


then the inconceivably minute exhalations of 


certain bodies make ſuch impreſſions upon 
our organs, why ſhould we wonder that a 
few particles of ſeed prove a ſtrong ſtimulus 
to the heart of the tadpole, an organ ſo much 
more ſuſceptible of external impreſſions, as 
it is more finely framed than our? . 4,4 
CLVII. VII. But the quantity of ſeed rę- 
quiſite for the animation of a tadpole has its 
limits; it is not infinitely ſmall. I have ex- 
preſsly obſerved, that the quantity above ſpe- 
cified, was frequently ſufficient for the pur- 
poſe (CXLIV, CLV). Whence it is to be 
inferred, that it ſometimes failed. The di- 
minution of the doſe of ſeed afforded a more 


deciſive proof. I put a drop of this fluid 


upon a ſmooth pane of glaſs, and drew it out 
with the point of a needle, into a fine and 


almoſt inviſible filament, ſometimes an inch 


long. I then took ſeveral mucous ſpheres 
and rolled them ſometimes along half, ſome- 


middle-fized, and ſcarce ever the large ones. From the 
data afforded by his experiments he calculates, that the 
poiſon of ſeveral vipers is requiſite to deſtroy the life of a 


4 +4 


times 


| f 


times along a third, at others along a quar- 
tex of this filament. This experiment is. 
analogous to another related in paragraph 
CXLIN, where I obſerve, that if three grains 
of ſeed be diluted in two or three pounds of 
water inſtead of a pound and a half, fewer 
tadpoles will be evolved, and, that the num- 
ber continues to decreaſe in proportion to the 
increaſe of the quantity of water. The por- 
tion of ſeed then 9 to produce fecun- 
dation, muſt amount to a determinate quan- 


| J am not lending of opinion, that the 
quantity of ſeed which effects impregnation. 
is {mall beyond conception, and nearly ap- 
proaching to what is ſpecified in the CLVth, 
paragraph. Hence I am inclined to believe, 
that the ſurplus does not contribute at all to 
fecundation. My opinion is founded upon 
the following conſiderations. As fecunda- 
tion is an indiviſible operation, if the ſuper- 
abundance contribute to promote it, it can 
only be by haſtening the animation and 
growth of the tadpoles. This muſt be in 
conſequence of a greater number of particles 
exciting the heart to ſtronger vibrations. 
But ſuch a notion is repugnant to facts; there 
is no difference either in the time or the de- 
ree of evolution, whether the fetuſes be en- 
tirely covered with pure ſeed, or only touched 
with an infinitely ſmall drop (CLXIV). I 
cannot therefore - imagine, what purpole the. 
furplus of ſeed can ſerve, and am obliged to 
confider it as uſeleſs. Nor is it difficult to. 
comprehend, how an inviſible particle only 
may be capable of producing fecundation, if 
it be conſidefed how inexprefiibly {ſmall is 
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the area of the veſſels which it enters, for 
canals fo narrow muſt refuſe to admit above 


a very minute 1 5 V 
CLVIII. VIII. But a very obvious queſ- 
tion occurs here. As theſe amphibious ani- 
mals are animated by ſuch a trifling quantity 
of ſeed, may this Gres be extended to 
fiſhes, birds, quadrupeds and man? Or may 
it be aſſerted in terms ſtill more comprehen- 
five, that nature employs only ſo inconſide- 
rable a portion of ſeed for the fecundation of- 
animals in general? The queſtion: is curious 
and intereſting, but cannot I think yet be 
ſolved for want of data. I am aware, that 
this opinion is poſſible, nay, that the ſtriking 
inſtance before us renders it in ſome meaſure? 
probable. I cannot, however, be certain, that 
it is really ſo, when J reflect upon the multi- 
plicity of means employed by Nature to attain 
the ſame end. Perhaps, therefore, this ſo- 
vereign Artiſt may allot various quantities of 
ſeed 5 fecundation, according to various 
qualities of animals. But in order to diſco- 
ver whether ſhe really admits ſuch variety, 1 
can imagine no other way than that of com 
ane Let us, for inftance, compare What 
appens in the amphibious animals which are 
the ſubject of theſe Diſſertations, with what 
takes place in other claſſes, as in fiſhes, in- 
ſets, birds and quadrupeds. The know- 
ledge derived from ſuch different inſtances, 
may enable us to fix our ideas with ſome de- 
gree of ſafety. We have; I believe, but two 
diſcoveries on artificial fecundation, that of 
Mr. Jacobi, inſerted Berlin Memoirs (4), 
(4) Tom. 20. 2 
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and mine. But without any defign to leſſen 
the merit of that naturaliſt, I may be allowed 


to fay, that from his experiments we carr 


only conclude, that artificial fecundation took 
place in the two ſpecies of fiſh of which he 
ſpeaks. Theſe were the ſalmon and trout, 


After putting their mature, but unimpreg- 


nated eggs in clear water, he let fall upon 
them ſeed from the milt of the male, till the 
water began to grow white. In about five 
weeks the young fiſhes made their appear- 
ance. This is the amount of the whole pa- 
per of Mr. Jacobi. It affords no information 
concerning the preſent queſtion, ſince the 
German experimenter has not aſcertained, 
with any degree of precifion, the quantity of 
ſeed neceſſary to produce fecundation. In- 
ſtead of doing this, he has ſtopped at the firſt 
ſtep, and has finiſhed his trials juſt wherean in- 
quiſitive naturaliſt would have begun them. 

But if experiments on artificial fecundation 


are not yet ſufficiently numerous to afford the 


neceſſary data, we cannot expect them from 
natural impregnation: A ſmall ſhare of in- 
formation concerning the generation of man 
and animals will convince us of this truth. 
It remains, therefore, that we proſecute the 
experiments upon artificial fecundation in a 
rational manner. Beſides the light which a 
ſeries of well - deviſed trials would caſt upon 
the problem propoſed, it would certainly 
clear up many obſcurities in the hiſtory of 
animals. My enquiries relate to an order of 
beings, in which we are certain that fecun- 
dation is external. But I invite naturalifts- 
to beſtow part of their attention and ſagacity 
upon that incomparably more numerous claſs, 

$53 In 


DISSERTATION: wa 
in, which, it is, equally certain, that this 


function is performed within them. Of 
theſe, ſome, as is well known, are ovipa- 
rous, others viviparous. It will be proper 
to keep ſome females apart from the males, 
and to obſerve the time at which they lay 
their eggs. We may then make upon the 
eggs ſuch experiments as are deſcribed in 
this Diſſertation. , I do not think it will be 
difficult to adapt them to viviparous animals, 
if we uſe different means, and ſuch as will 
act internally, nor do I ſee any reaſon to de- 
ſpair of ſucceſs... Attempts, apparently more 
arduous, have, not 1 the hopes of 
the adventurous, enquirer, and ſuch unex- 
pected inſtances of ſucceſs have occaſioned 
revolutions in natural philoſophyp e 

CLIX. IX. The ſeed, agreeably to the 
principles of Mr. Bonnet, is not only the ſti- 
mulant, but the nutriment of the fetus. 
The proofs of his opinion are theſe. The 
organ of the voice in that mule, which is the 
product of the mare W by the aſs, 
very cloſely reſembles that of the male parent. 
If the germ exiſt in the female before im- 
pregnation, it muſt have been a horſe in mi- 
niature, and not a mule or an als; 80 organ 
therefore of the voice ought to correſpond to 
that of the horſe and not of the aſs. The 
ſeed muſt then have modified the organ of the 
voice in the germ according to that of the 
male parent. = conformity with this model, 
the parts of this organ grow and are un- 
folded; yet we know the als contributed 9 5 
a fluid. It is therefore neceſſary to admit, 
that this fluid nouriſhes the component parts 
of the larynx, and that it is e 
f With 
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with their ſubſtance, ſince growth is the 
natural and immediate effect of nutrition, 
The ſperm then is not a ſimple ſtimulant, 
it is moreover. a nutritive liquor. The na- 
turaliſt of Geneva ſtrengthens his deduction. 
by the inſtances of the growth of the beard 
in man, of the creſt of the cock, andthe 
horns of the ſtag, which are certainly owing 
to the eMeacy-of the feel. 
Faller, in his great work, agrees on 
rt with the before-mentioned philoſopher; 
e allows that theſe phenomena depend 
upon the ſeed, not indeed as a nutritive I- 
quor, but as an impelling or ſtimulative 
+ qt The evolution of the hair, the 
orns, and the creſt, is owing to the ſpermy 
which, being received again into the blood? 
excites the heart, by its alcaleſcent 'acri- 
mony, to attenuate by ſtronget pulſations 
the viſcid juices, and to impel them into 
the ſmall veſſels, by which means the pre- 
exiſting germs of the hair and the horns 
pullulate, and the creſt grows to a larger 
fize (a). With regard to the organ of the 
voice in the mule, its evolution ariſes from 
the greater power in the ſeed of the aſs than 
the horſe, to unfold and enlarge the parts (3). 
It appears, therefore, that according to the 
Swiſs phyſiologiſt, a ſtimulating quality 
alone is ſufficient, not only for the anima= 
tion of the fetus, but alſo to explain thoſe 
phænomena, which, according to Mr. Bon- 
net, require, that the ſeed ſhould be con- 
ſidered as nutritive. I ſhall: not preſume to 
decide between theſe great philotophers: I 
G EL. yt r. ai. Se 2. (i) L. e. ib. a 
n venerate 
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venerate their merits, and am better qualified = 
to admire than to judge them. I will on! 
obſerve, with the utmoſt deference, that 1 
the frog and toad the . fluid cannot be 
ſuppoſed with any probability to perform the 
office of a nutritive principle. I intreat the 
reader to call to mind what is faid in para- 
graph CLV, about the proportion between 
the bulk 0 the ſeed .. that of * bank 5 Fa 
it is nearly as 1 : 106 4777777. Suppoling, 
therefore, the tadpole We MEARS by the 
ſeminal fluid, its growth would not exceed 
the bulk of the ſeed, that is to ſay, it would 
be next to none. It may be added, that if 
the nutrition of the tadpole, at the com- 
mencement of evolution, came from the ſeed 

thoſe which were bedewed with the greateſt 
quantity of this fluid, ought to grow faſteſt 
and be evolved ſooneſt. Vet we know, that a 
tadpole touched with the moſt mconfiderable 
drop, and one covered completely with this 
fluid, do not differ in this reſpect (CXLIV). 
therefore, from my experiments, cannot 


aſſign to the ſeminal liquor any other quality, 


beſides that of a ſtimulant. | 
Though the preceding obſervations afford 
the ſtrongeſt reaſons for believing, that the 
ſeed is a real ſtimulus to the heart of the tad- 
pole; yet, as this is a mere hypothetical 
op I was defirous of ſubmitting it to 
e teſt of experiment. Reflecting, that the 
ſtimulating power of any ſubſtance: muſt be 
enhanced by increaſing the activity of its parts, 
and that this end may be attained” by heat, 
I determined to warm the ſeminal fluid, and 
then to to moiſten ſome tadpoles with it. 
With this view I mixed three grains of 3 
1 der 
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ſeed of the frog with half an ounce of water, 
and having heated it to 30“ (a), I immerſed 
twenty tadpoles in it, and immediately after- 
wards removed them into pure water, in 


which the thermometer ſtood at 17*. That 


I might have a term a compariſon, I fecun- 
dated other twenty tadpoles with the fame 
mixture, after it had acquired the tempera- 
ture of the atmoſphere. The device was not 
ineffectual. The tadpoles fecundated in the 
heated mixture, were ten hours more for- 
ward than the others, a phænomenon which 
I cannot but attribute to the greater energy 


and ſtronger ſtimulating power arifing from 


the action of heat. | Mis 
CLX. X. The ſtimulating power, which 


animates the embryo, is not loſt, though the 


ſeed ſhould have been kept ſome time after it 
has been taken out of the body. This hap- 
pens alike, whether it be kept unadulterated or 
mixed with other liquors (CXXXI, CXLV), 
It is truly al that a ſingle drop ſhould 
not be loſt, when mixed with ſo large a body 
of water (CXLII, CXLIII). Will the ſeminal 
liquor of other animals preſerve in like manner 


its efficacy? For want of facts we muſt have re- 


courſe to conjecture. The — 84 inſtance may 
be an exception to a general rule and confined 


to a particular claſs, in which fecundation is 


external and takes place in water, and on this 


account the ſeed is expoſed to circumſtances, 
never experienced by that of other animals. 


But, on the other hand, it is poſſible that 
thoſe properties may belong to other ſe- 


minal fluids. In my ſecond Eſſay on the Na- 


(a) 30*=994, and 17 rf F. 
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rural Hiftory of Animals and Vegetables I ob- 
ſerve, that the ſeed of man, and various 
uadrupeds, does not become corrupt for 
everal hours after it has been taken from its 
natural receptacles. I confirm this obſerva- 
tion by ſhewing, that the worms continue 
to ſwim about briſkly for ſome time, pro- 
vided it is kept properly heated. If, there- 
fore, the ſeed of man and quadrupeds pre- 
ſerve its natural qualities under theſe circum- 
ſtances, why may it not alſo retain its ſti- 
mulating power, which is the cauſe of fe- 
cundation? And if ſo, is the famous ſtory 
of Averroes, concerning that unfortunate 
queen, who became pregnant after bathing, 
without any ecommerce with man, ſo very 
ridiculous ? ** r 
WHETHER FECUNDATION IS AN EFFECT 
OF THE AURA SEMINALIS. WHETHER 
OTHER LIQUORS ARE CAPABLE OF PRO= 
DUCING FECUNDATION. TRIALS T0 
PROCURE ARTIFICIAL MULES IN THE 
 AMPHIBIGOUS ANIMALS IN QUESTION. 
ARTIFICIAL . FECUNDATION OF THE 
SILE-WORM. ATTEMPT TO IMPREG= 
NATE A BITCH ARTITICI AIT 
CLXI. XX HETHER the groſs viſible 
| part of the ſeed be neceſſary to 
the fecundation of man and animals, or, 
whether the inviſible attenuated part, uſually 
Valk Hr I. nn oo 
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called the ſeminal vapour or aura, be deſtined 


to this purpoſe, is a very ancient. queſtion, 
and ſtill continues to be debated every day. 


Thoſe phyſicians and philoſophers who fa- 


vour the latter opinion, are obliged to main- 
tain it from a ſort of apparent neceſſity, ra- 
ther than by any direct reaſons or experi- 
ments. They reflect upon obſervations made 
by diligent anatomiſts, who have found the 
vagina of ſome pregnant women either ve 

narrow or — . rf They attend alſo 
to other numerous obſervations, from which 
it would appear, that at the time of impreg- 
nation, the ſeed does not reach the uterus. 


Laſtly they reflect, that the orifice of the 


oviducts, or Fallopian tubes is fo narrow, 
that it will ſcarce admit air, much leſs a 
probe. They conclude, that ſo many ob- 
ſtacles muſt prevent the ſeed injected into the 
female organs from arriving at the ovarium, 
where the embryos, are lodged. Hence it is 
ſuppoſed, that fecundation muſt be effected by 


the volatile part of that liquor, which either 


reaches the ovarium by the way of circula- 
tion, or by rifing through the mouth of the 
uterus. and along the tubes. Notwithſtand- 
ing theſe arguments, many other authors 
adopt the oppoſite opinion; they think, that 
the groſs part of the ſeed operates impreg- 
nation, ſince the narrow. paſſages are enlarged 
during the ardour of enjoyment, and fince 
there are not wanting inſtances where ſeed 
has been found in the uterus, in the tubes, and 
even to have aſcended as high as the ovaria. 
That the uterus ſhould 'often, after coition, 
be found without the fluid of the male, they 
conſider às an objection of no weight, be- 
| 1 5 | - cauſe 
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cauſe the obſervation was probably made 


after too long an interval, When the ſeminal 
liquor had paſted out of this cavity, or be- 
cauſe ſo ſmall a quantity had entered into it 


as to eſcape the notice of the inſpector. 


Such nearly are the arguments on each ſide, 
but they are, in my opinion, inſufficient to 


decide the diſpute; the former, becauſe they 


do not irrefragably prove, that the volatile 
vapour alone reaches the ovaria; the latter, 
becauſe though the groſs part ſhould arrive 
there, it ſtill remains doubtful whether the 
animation of the embryo is effected by this, 
or the attenuated part. To cut ſhort all con- 
troverſy, it will be neceſſary to ſeparate the 
aura, and to ſubject the fetus to its influence, 
for it will either be impregnated, a manifeſt 
proof in favour of the ſeminal exhalations, 
or it will not, and then we may conclude, 
with equal certainty, that the ſenſible part is 
neceſſary to fecundation. But this mode of 
deciding the queſtion has not, I believe, oc- 
curred to any one, or at leaſt I do not know 
that any one has reduced it to practice. But 
from the facility of making experiments with 
the ſeed of the animals concerning which I 
have been treating, this appeared eaſy to be 
CLXII. The reader will recolle& what has 
been before ſaid of the efficacy of ſeed; after it 
has been almoſt infinitely divided. A dropof 
water, one-fiftieth of a line in diameter, taken 
from eighteen ounces of water, with which 
three grains of ſeed are mixed, is capable of 
impregnating a tadpole (CMLIV). This ex- 
periment is apparently favourable to the ſe- 
minal aura, Which, 4 the general opinion, 

5 2 is 
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is nothing but the vapour of the ſeed exceed- 
ingly rarefied. ' The facts, however, which 
I I ſhall adduce, clearly prove the contrary. 
That I might irrorate tadpoles abundantly 
with this exhalation, I put a quantity of ſeed, 
amounting to eleven grains, taken from ſeve- 
ral fetid toads, into a watch-glaſs. In another, 
ſomewhat ſmaller, I placed twenty-ſix tad- 
les, which were fixed very firmly to the 
bottom by the tenacity of the gluten. I then 
inverted it over the other, and in this fitua- 
tion both glaſſes were left five hours in my 
apartment, where the liquor of the thermome- 
ter ſtood at 18*. The ſemen lay exactly under 
the tadpoles, and they could not but be in- 
volved in the riſing vapours, for the diſtance 
was little more than a line. Upon inſpecting 
the tadpoles at the expiration of the fifth 
hour, I found them ſo covered with moiſture, 
as to wet my finger when 1 touched them; 
the moiſture was the evaporated part of the 
ſeed, which had loſt one grain and half. The 
tadpoles, therefore, had been bedewed with 
one grain and half of the ſeminal aura, for 
it cannot be ſuppoſed to have eſcaped out of 
the glafies, they fitted ſo cloſely. The tad- 
poles, notwithſtanding, being placed imme- 
diately in water, and left there ſeveral days, 
r 
CLXIII. Though this experiment is un- 
favourable to the aura, yet it ſtood alone, and 
I could not avoid further enquiry. One grain 
and half ought indeed to fecundate many 
thouſands, much more twenty-ſix. I how- 
ever choſe to increaſe the quantity of vapour, 
which could be done by only increaſing the 
heat. Placing every thing exactly as in the 
4 4 former 


„ 


w 


DISSERTATION: II i 


former experiment, I ſet the glaſſes in the 


window, where the heat of the ſun, being 


moderated by the glaſs through which itſhone, 
amounted to 285, and could not therefore b. 
prejudicial to fecundation. In four hours the 
ipheres were ſo covered by the vapour, that 
drops were ſeen hanging from them. But 


the effect produced was the ſame as before. 


I repeated this experiment once more, not 


ſo much with a view of confirming the for- 
mer reſults, as to ſee whether the ſeed, after 


part had been reſolved into vapour, retained 


its efficacy. After the tadpoles were moiſten- 


ed with the exhalation, half of them were 


put, as before, into water, all which came 
to nothing. The other half were bedewed 
with a little of the reſiduum, and then put 
into water: they almoſt all came to perfec- 
tion. Theſe experiments ſhew, that the va- 
pour of the ſeed of the fetid toad 1s incapable 


of impregnating the young, and that the ſeed, 


after a conſiderable evaporation has taken 
place, is ſtil] efficacious. 
CLXIV. Both theſe conſequences were 


confirmed by ſubſequent experiments. The 


ſpace between the tadpoles and the ſperm was 


about a line: that the vapour might be more 


eticacious, I reduced it to one-third of a line 
but ſtill to no purpoſe. 


I have already obſerved, that by the aura 


ſeminalis the vapour of the ſeed is generally 
underſtood. Some phyſiologiſts think, that 
this exhalation confiſts of the odoriferous par- 


ticles of that fluid; others that it is the moſt. 


attenuated part, and others again that it is a 
very ſubtle ſpirit. Whatever it be, 1t 1s cer- 
tainly incapable of producing fecundation. 
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Yet as ſo ſubtle a ſpirit might be thought to 
eſcape at the meeting of the glaſſes, I deter- 
mined to obviate this ſuſpicion by cementing: 
the edge of the upper glaſs to the inſide of 
the other. I moreover ſubſtituted a little 
glaſs-funnel in the room of the upper watch- 
glaſs, and cemented it as before ; the ſmaller 
orifice was hermetically ſealed, The tadpoles 
were faſtened to the neck, and the ſurface of 
the ſeed was enlarged that evaporation might 
be quicker. I thought that the conical form 
of the funnel would collect the aura into the 
int where the tadpoles lay. This new ap- 
paratus was kept fix hours in a heat of 269, 
and the fetuſes were ſurrounded continually 
by the vapour, but the event was ſtill the 
ſame, and the reſiduum was alſo efficaci- 
ous (CLXIII). | 9 
. When I tried the effects of the aura in open 
veſſels, where the air had free acceſs, I found 
it juſt as ineffectual as ever. 7 
CLXV, My laſt experiment made with 
this view was to collect ſeveral grains of the 
evaporated fluid. I then, immerſed twelve 
tadpoles in it, and left them ſeveral minutes. 
Twelve more were touched with the refi- 
duum, which did not exceed half a grain, 
but eleven of theſe grew to perfection, but 
not one of the others. : 
heſe various facts concur to prove, that 
fecundation in the fetid toad is not the effect 
of the aura ſeminalis, but of the perceptible 
part of the ſeed. But my enquiries have been 
extended further; the abundance of the 
toad with red eyes and dorſal tubercles, 
and of the green aquatic frog, has afforded: 
me ample opportunities of repeating upon 
5 ” | them 
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them the experiments deſcribed in paragraphs 
CLXII, CLXIII, CLXIV, CEXV. But 
the aura appeared on all occafions incapable 
of producing fecundation. My few trials 
upon the. tree-frog agree exactly with the 
others. 8 og 

CLXVI. As I had found the juice of the 
teſticles equally powerful with the ſeed, it 
was proper to make trial of its aura. I had 
uſed it with equal advantage, when. pure and 
when diluted with water. I have evaporated 
it under hoth theſe circumſtances in the ſame 
manner as ſeed; but always to no purpoſe: 
whence it was neceſſary to conclude, that this 
aura is juſt as inert as that of the ſeed. 

My experiments on theſe two ſpecies of 
aura were made in the ſpring and ſummer of 
1777, and I then gave intimation of them to 
Mr. Bonnet, as may be ſeen by ſome extracts 
of my letters, inſerted in the uſeful annota- 
tions on the third volume of the new edition 
of his works. I repeated them in 1780, with 
the ſame reſult, 4 "= 

Thus then it appears, that in two ſpecies 
of the toad, and as many of the frog, fecun- 
dation is not the effect of the aura, but of 
the groſs part of the ſeed. But are we to 
ſuppoſe that Nature obſerves this rule in ani- 
mals and man? Sound logic does not allow 
us to deduce from ſo few facts a concluſion 
ſo general. But theſe facts lead us to think 
the ſuppoſition probable. It is at leaſt certain, 
that we may venture to admit it, till contrary 
facts thall be adduced. And thus the great 
dur en whether fecundation is the effect of 
the aura ſeminalis, is clearly decided in the 

: N negative, 
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negative, with reſpect to ſome animals, and 
with probability with reſpect to the reſt. 
CCLXVII. I may here obferve, that it ap- 
s from this, as well as the preceding 
chapters, that the part of the ſeed which is 
capable of effecting impregnation is not, as 
many ſuppoſe, a ſpirituous liquor, of great 
volatihty, and liable to loſe its'viftue when 
expoſed for ſome time to the air, after which 
there remains nothing but an effete matter, 
a kind of caput mortuum, as is incident to 
many liquors, produced both by art and na- 
ture, which, on this account, are kept care- 
fully ſhut up in veicis. But nothing like 
this happens to the ſeminal fluid, though it 
be expoſed to the air for ſeveral hours; and 
after half had been driven off in vapour, 
the remainder was juit as fit for fecundation 
as that which had been recently taken from 
the vehcles. The prolific liquor, to which 
theſe . obſervations are applicable, may be 
compared in ſome meaſure to water. Whether 
this element evaporates, either from agitation 
of the air, or the action of heat, the refiduum 
retains the nature and properties of the whole 
maſs. But we may, on the other hand, re- 
mark 2 great difference. The vapour of wa- 
ter, when collected, poſſeſſes every property 
of water never ſubmitted to this proceſs, 
whereas the vapour of feed, though it may 
be converted into a liquid, does not retain 
its fecundating power. It muſt, therefore, 
be ſuppoſed, that the particles, when ſepa- 
razed from the whole maſs, acquire ſome 
bad quality, which diſqualifies them for 
occaſioning ſuch an irritation of the heart of 
the embryo, as will produce animation; 


though 
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though the minuteneſs of the particles does 
not allow us to inveſtigate the origin and 

nature of this bad quality. 1. 8 
CLXVIII. I now proceed to the diſcuſſion 
of another problem, which will appear both 
new and extraordinary. It was propoſed by 
Mr. Bonnet, in a letter concerning artificial 
fecundation. And although he was aware of 
its extravagance, he did not heſitate to com- 
municate it, in order that 1t might be put to 
trial. I cannot explain his idea better, than 
by laying before the reader an extract from 
his letter of the 15th of Auguſt, 1778. © 1 
will not conceal from you a viſion that has 
found its way into my head. Mr. Senebier 
muſt have informed you of the fine experi- 
ment of Mr. Achard, who has ſubſtituted 
electricity, in the room of heat, for hatching 
chickens, and has ſucceeded at leaſt in part. 
If the electrical fluid be capable of cauſing 
the evolution of the chicken in the egg, it 
muſt be owing to an acceleration of the velo- 
city of the fluids, or, what amounts to the 
ſame thing, to an increaſe of the irritability 
cf the heart. Now I think I have given 
ample proof, that the ſeminal liquor fecun- 
dates the germ, by exciting the irritability of 
the heart. I could with then, my dear Mal- 
pighi, that you would ſubſtitute the electrical 
guid in the ſtead of the ſemen. Should an 
experiment ſo original ſucceed, the fecunda- 
tion would be far more artificial than that 
which you have fo app effected. You 
may well imagine that I will not anſwer for 
your ſucceſs : it is probable, that the electrical 
fluid cannot perform the office of the ſeminal 
ligner.; but we have ſeen fo many unexpected 
| a cvents 


DDS ERT ATI ON H. 


events happen in the organized kingdom, that 
we cannot pronounce with too much caution 
concerning the impoſſibility of any experi- 
ment, more en of ſuch as relate to 
this ſubject.— Should we have ſuſpected, that 
the polype poſſeſſes ſuch ſurprizing proper- 
ties? And after the diſcovery of the polype, 
who would have ſuſpected the reproduction 
of the head of the ſnail ?” 8 
Such were the expreſſions of this profound 
contemplator of Nature. But various occu- 
pations of another nature having prevented 
me from continuing my obſervations on arti- 
fictal fecundation, it was not in my power to 
attempt this ſtrange experiment, till the ſum- 
mer of the preſent year (1780). To confeſs 
the truth, I doubted exceedingly of its ſuc- 
ceſs, not fo much for the reaſons adduced by 
my celebrated friend, as on account of the 
ſtriking difference between Mr. Achard's 
eggs, Which had received the influence of 
the male beforehand, and the tadpoles which 
Had not been ſubjected to it. 5 
_ Having placed upon the conductor a me- 
tallic vet, containing ſeveral fetuſes both 
of the frog and toad, F excited the cylinder, 
and fimply electrified them without ſparks or 
thocks. In the firſt trial, the tadpoles were 
electrified three hours a day for two days ſuc- 
cefſively. As theſe became all putrid, I con- 
tinued the proceſs in another experiment for 
four hours on three ſucceſſive days, but with 
no greater ſucceſs. I then electrified nine 
tadpoles for thirty-three hours in the ſpace 
of two days and a half, but the event was ſtill 


e ſame. 
m | Inſtead 
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Inſtead of placing the tadpoles in the tus 
tion already deſcribed, I fixed them to the 


point of a metallic rod ariſing from the con- 


ductor, knowing that the electrical fluid would | 


now be more concentrated and energetic. 
But I was not more ſucceſsful, though they 
were electrified nineteen hours in two days. 
All theſe experiments were made in hot 
weather, and the tadpoles ſhewed ſigns of 
decompoſition in three days. | | 

At the ſame time TI electrified other im 


pregnated tadpoles: they grew faſter than 


thoſe which were not electrified, an event. 
that exactly correſponds with the accelera- 
tion of vegetation, occaſioned by the electric 
fluid, From theſe experiments we may con- 
clude, that electricity increaſes the velocity 
of circulation in fecundated tadpoles, but not 
in the unimpregnated, probably becauſe its 


action is not ſo mild and gentle as is neceflary 
at this early period, and as that of the ſemi- 


nal liquor. 


CLXIX. Before Mr. Bonnet imparted to 
me his ingenious thought, and indeed at the 


time of my firſt obſervations concerning ar- 
tificial fecundation, I conceived hopes of 
being one day the fortunate diſcoverer of 
ſome fluid, equally efficacious with the ſe- 
men, though of a different nature. When 


I was employed about the impregnation of 


the toad with red eyes and dorſal tubercles, 


and had diſcovered the efficacy of the ſeed ' 
taken out of the veſicles, I was ſtruck, 1 
know not how, by the thought of trying 
ſome of the other fluids of the fame animal. 
I therefore moiſtened ſome tadpoles with 
blood, others with gall, others with juice 


expreſſed 
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expreſſed from the different viſcera, as the 
heart, the liver, the lungs; they were put 
into ſeparate veſſels, and ſome of thoſe that 
had been touched with blood and the juice of 
the heart, came to perfection. The ſurprize, 
Which an event ſo unexpected occaſioned, 
may be eaſily conceived; but it may likewiſe 
be ſuppoſed that I ſhould repeat this experi- 
ment. But the reſult was now very different; 
not a tadpole was evolved. The tame ill ſuc- 
ceſs: attended many ſubſequent repetitions ; 
and I was obliged to Rafa: i that neither 
the blood, nor the expreſſed juice of the 
heart, has any prolific power. But whence, 
I ſhall doubtleſs be aſked, the ſucceſs of the 
firſt experiment? It aroſe from an inadver- 
tency which I afterwards eaſily detected. 
The tadpoles were taken from an uterus, 
which I had touched with forceps, that had 
been uſed for taking ſome drops of ſeed out 
of the veſicles. Not being at that time aware 
of the efficacy of an exceedingly minute 
quantity of ſeed, I had not wiped the inſtru- 
ment very carefully. On this account, it 
mult have left an imperceptible portion upon 
ſome of the tadpoles, that were afterwards 
moiſtened with blood and the juice of the 
heart. This explanation became more pro- 
bable, when I found, that of tadpoles taken 
out of the uterus with forceps, careleſsly 
wiped after they had been dipped in ſeed, a 
certain number was always impregnated ; 
whereas this never happened, when the for- 
ceps had not touched this fluid, or when 
they had been diligently cleaned. This neg- 
ligence, and the detection of its origin, were 
excellent preſervatives againſt the TIO | 
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of like miſtakes in future. They may alſo 
ſerve as warnings to thoſe who ſhall be de- 
firous of repeating my experiments on arti- 
ticial fecundation, or of attempting others of 
the ſame nature: WE 
CLXX. Convinced of the inefficacy of 
theie hquors, I. laid afide at that time all 
thoughts of trying others. My unſucceſs- 
ful experiments with the electrical fluid, 
renewed the fame train of ideas; but it was ra- 
ther leit I ſhould have reaſon to reproach 
myſelf for having too ſoon quitted a purſuit 
entirely new, than with the hope of ſucceſs, 
that I reſumed theſe experiments. Guided 
by the great principle, that fecundation is 
the conſequence of irritating the heart by 
the ſeminal liquor, I was led to try acrid and 
ſtimulating fluids, ſuch as vinegar, dilated 
ipirit of wine and urine; but theſe ſubſtances 
haſtened the corruption of the tadpoles, in- 
ſtead of fecundating them. The juice of 
the lemon and citron produced the ſame ef- 
fects, though their acidity was weakened b 


the admixture of water. In the rind of theſe 


fruits there is a ſtimulating fpirit, which, 
upon ſqueezing, ſpirts out in little jets, and 


takes fire when thrown- into the flame of a 


candle. But this fluid, as well as many 
others, which I ſhall forbear to enumerate, 
was totally inefficacious. | 6440 

CLXXI. We learn, both from ancient 
and modern hiſtory, that the ſeed of one 
ſpecies of animal, frequently impregnates the 
embryos of another, when there is a near re- 
ſemblance between them. A third ſpecies, 


uſually denominated mules, is the fruit of 


this impregnation. Thus the male goldfinch 
produces 
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produces with the female Canary bird, an 
intermediate ſpecies; as alſo does the white 
peacock with the common ſort; and the 
pheaſant with the hen. Among quadrupeds, 
the mules, which are the offsprings of the 
aſs and the mare, or the horſe and the ſhe- 
aſs, are the moſt common. And the cele- 
brated Bourgelat has now eſtabliſned, be- 
yond a doubt, that the wolf propagates 
with the bitch. Nor is it always neceſſary, 
that the two ſpecies ſhould be very nearly 
allied. For wherein conſiſts the cloſe re- 
ſemblance between the aſs and the cow, or be- 
tween the bull, the ſhe-aſs, and the mare? 
Vet the recent and certain obſervations of 
the ſame French Naturaliſt, have proved, 
that the ſingular ſpecies of animal called the 
Fumart (a), is produced by the copulation 

of theſe widely differing quadrupeds, after 
its exiſtence had been queſtioned by modern 

writers, and expreſly denied by Buffon (5). 
Theſe inſtances led me to entertain hopes, 
that I ſhould obtain intermediate productions 
by impregnating the embryos of one ſpecies 
with the prolific liquor of another. In my 
Proſpectus I propoſed to enquire, what would 
be the event of attempting ſuch experiments 
on aquatic and amphibious animals, bearing 
little reſemblance to each other (c). If they 
ſhould happen to be ſucceſsful, it is obvious, 
how much ſuch irregular productions would 
contribute to illuſtrate the obſcure function 
of generation. 


| (a) CEuvres des Charles Bonnet, Tom. V. (37 Hes. 
Nat. Tom. XIV. (e) P. 58. | 


| I have 


DISSERTATION It: ag 


I have proſecuted this inquiry, but wath 


ſmall ſucceſs. Having repeatedly moiitened 
the embryos of frogs and 'toads with the 
ſeminal fluid of the newt, and reciprocally, 
evolution has not taken place in any one in- 
ſtance. My hopes of impregnating neigh- 
bouring ſpecies with effect were much more 
ſanguine. I need not obſerve, that the frog 
and toad are each amphibious, and that they 
nearly reſemble one another, as well in exter- 
nal appearance as in internal ſtructure. Beſides 
this correſpondence of organization, their 
manners, actions, and ways of propagation 
are alike. Having, therefore, fixed upon the 
fetid terreſtrial toad, as its feaſon of genera- 
tion coincides with that of frogs, I bathed 
with the ſeed of this toad, the tadpoles of the 
green aquatic and the tree frog, and in return 
with their ſeed, I moiſtened the tadpoles of 
the fetid toad. I did the ſame with the frogs 
juſt mentioned, and the toad deſcribed in the 

CXXVIth paragraph. The ſeed, as well as 
the juice of the teſticles, was employed 
ſometimes pure, and ſometimes diluted with 
water. But notwithſtanding ſo many and 
ſuch ſtriking marks of reſemblance, one 
ipecies could not be fecundated by another. 
If I did not wonder, that liquors eſſentially 
differing from ſeed were not prolific (CLXIX, 
CLXXY I muſt own ͤ my furprize at finding 
that ſpermatic liquors, which muſt needs re- 
ſemble each other very cloſely, were ineftica- 
cious. Theſe experiments, however, though 
ineffectual, are not uninſtructive; they 
teach us, that from analogy we cannot learn 
when we may procure intermediate 2 


tions. In general we obſerve, that they owe 
| their 
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their origin to animals, in many reſpects, 
analogous to each other; but ſuch analogy is 
not a certain ſign of their being capable of pro- 
ducing together, as manifeſtly appears from 
experiment. In this branch of phyfics, as in 
numberleſs others, we muſt not generalize 
our ideas, but are under the neceſſity of con- 
ſulting the oracles of Nature, and re- 
ceiving her anſwers with reſpect -and atten- 
tion, as we procced from one ſpecies 
to another. If we would obtain illegiti- 
mate productions, we mult of neceſſity em- 
ploy the ſeed of a different ſpecies. It muſt, 
at the ſame time, be capable of penetratin 
the embryo, and animating it by a bland 
and kindly impulſe. But we can learn from 
the effects alone, whether any given ſeed is 
endowed with theſe eſſential properties, and 
we mult abide ſtrictly by the reſult of expe- 
riments. | | 
And as if theſe amphibious animals knew 
the inefficacy of their reſpective ſeminal fluids, 
J have never, in the whole courſe of my in- 
quiries, ſeen them coupled. At the ſeaſon 
of their amorous ardour, I have placed a 
male toad along with a female of his own 
ſpecies, and a female frog ; when diſregard- 
ing the latter, he has flown to embrace the 
former. I have then ſeparated them, and 
taken away the female: but the male ſhewed 
no defire of approaching the female frog, and 
ſeemed to be wholly bent on eſcaping. And 
though I kept them together for ſeveral days, 
copulation did not take place, not even when 
the female began to diſcharge her young, a 
timeatwhich the males are more than common- 
ly ardent, in order to fecundate the 1 as 
they 
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they are brought forth. I witneſſed the ſame? 
jnattention in the male of the fetid toad to 
the female of the green aquatic and tree- frog, 
and in the male of the green and tree- frog, 
for the female of the fetid toad. I know 
that male toads are commonly ſuppoſed” to 
copulate with frogs, and that many, for this 
reaſon, abſtain from eating the latter during 
their amours. I, however, have never met 
with ſuch conjunctions in the Whole courſe of 
obſervations; nor did Noeſel ever ſee an in- 
ſtance in Germany. I muſt, therefore, reckon 
this opinion among thoſe numberleſs pre- 
judices, which have credulity and ill 

ounded popular tradition for their only 
upport. „ : 5 
LXXII. After having fie tha hte. 
goin nr; with which I intended to 
cocks the Diſſertation, I read over the 
whole from: the beginning, in order that I 
might correct ſuch paſſages as required cor- 
rection. The CLVIIIth paragraph induced 
me to attempt another experiment. I there 
invite naturaliſts to try to fecundate ſome of 
thoſe animals, in which it is certain, that 
impregnation takes place internally. It was 
now July, the ſeaſon deſtined for the amours 
of the filk-worm (a), in the Modaneſe, and 
indeed in moſt other parts of Italy. 1 
therefore determined to try, whether any 
N of my ſucceſs, with different amphi- 
ious animals, would attend experiments on 
this inſect. I recollected, indeed, the failure 
of the great Malphigi; nor can it be doubted, 


() Phalzna Mori. Linn. Syſt, Nat. 
vol. II. = SO" ">> We © 


% 


wt DISSERTATION. II. 


thatſuchaninſtance may juſtly create diffidenes 
in the boldeſt experimenter; more. eſpecially 
as the celebrated Bibiena was not more for- 
tunate, when he undertook to repeat and vary 
Malphigi's experiment. As I did not, how- 
ever, perceive, that it was impoſſible to:ſuc- 
ceed, I did not think the attempt would. 
argue any blameable preſumption in me. The 
unimpregnated eggs of the phalæna originat- 
ing from the ſilk- worm, may be obtained in 
two ways. If the female be kept apart from 
the male, they may be collected after they are 
diſcharged, or they may be taken from the 
matrix. The ſeed is to be taken from the 
genital organs of the male. Having pro- 
cured ſome eggs in both theſe ways, I 
moiſtened ſome of them with _ a large 
quantity of ſeed, and others very ſparingly, 
but to no purpoſe. The fecundated eggs of 
this inſect aſſume a violet colour; the others 
remain yellow. My eggs, before they were 
moiſtened with ſeed, were of this colour, and 
retained it after wards; they moreover became 
ſoft, and an incavation appeared upon the ſur- 
face, ſigns that never fail to attend ſterility. 
Theſe experiments were made with that 
ſpecies, of Which the eggs are hatched only 
once a year, viz. in the ſpring. And I believe, 
it was upon this ſpecies, that the great na- 
turaliſt of Bologna made his unſucceſsful 
J Te oag%; | 
-:T afterwards tried another ſ 


much cultivated in the citiesof 
account of its producing three generations in 
a year; one towards the end of the ſpring, 
another in ſummer, and the third in 1 
Di 2 8 q # 3 ? y 
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My labour was not u nprofitably beſtowed 


upon the eggs of this ſpecies. Many which 


1 moiſtened with ſeed, produced worms in 


proper ſeaſon ; nor is there any cauſe to ap- 
prehend, leſt I ſhould have committed ſome 
inadvertence in my experiments. As ſoon as 
the laſt change of form had taken place, I 
put the females under the receiver of ah 
air-pump; the males were on the outſide; and 
either the ſight or the ſmell of the females 
allured them to the veſſel, for og tg. con- 
ſtantly fluttering about it. By theſe means, 
I ſuppoſed that the male organs of generatio! 

would be filled with ſeed. As ſoon as th 

eggs were diſcharged; I 'bathed them wit 

ſeminal fluid. Many of them, which were 
at firſt yellow, began in a few days to turn 
brown, and at length aſſumed a browniſh 


violet hue; in about a week the produced 
little worms; thoſe which had not been 


moiſtened with ſeed remained yellow, grew 
flaccid, and ſpoiled, I procured 2 
/ 29 TRIER | 
CLXXIII. This unexpected event gave me 
courage to attempt another experiment. It 
ſhewed, that oviparous animals may be arti- 
ficially fecundated. Of viviparous animals 
I had before obſerved with wonder, the arti- 
ficial impregnation in ſome ſpecies in which 
this function is external. It remained there- 
fore, as the reader will eaſily gueſs, to try 
whether ſuch experiments will ſucceed wit 
thoſe viviparous animals in which fecunda- 
tion takes place in the body of the female; 
an animal of ſome fize, - ſuch as the cat, the 


dog, or ſheep, ſeemed moſt fit for my pur- 


92 pole. 
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>. This idea had been for ſome time 
fermenting in my head, and I could not re- 
fru from diſclofing it in an article written 
by me for the Praſbectus of the new Italian En- 

| oc Ane — op ,9 » Artificial Fecundation. 
aving ſed ſome views reſpecting the 
artificial We as well of plants as ani- 
_ ;, I employed towards the end the follow- 
expreſſions. © Hitherto I have ſpoken only 

of animals uſually called oviparous; artifi- 
cial fecundation may perhaps, by different 
means, and ſuch as would act within the 
body, be extended to viviparous animals. 
75 reader underſtands my meaning. In 


CLVIIIch paragraph of this Di rtation 
threw out the ſame _ and exhorted Na- 
turaliſts to put it in practice; for after I had 
ſucceeded 4 eaſily in impregnating different 
animals of 8 kind by art, I could not 
conſider my project as very unpromiſing. 
The event of my experiments on 1 
in which impregnation is internal, rendered 
my expectation ſtill more ſanguine, and I 
immediately ſet about to bring them to an 
iſſue. I choſe a bitch ſpaniel of moderate 
ſize (a] which had before had whelps. Suſ- 
pecting, from certain appearances, that ſhe 
would ſoon be in heat, I confined her in 
an apartment, where ſhe continued a long 
time, as will be feen below. For greater 
ſecurity, that ſhe might never be let looſe, 

I fed der myſel-, and kept the key the 
whole time. On the thirteenth day ſhe be- 


2) Canis inſtar 
285 _ pilo * cxiipo, ovis. 
gan 
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gan to ſhew evident ſigns of being in heat; the 
external parts of generation were tumid, and 
2 thin ſtream of blood flowed from them; 
On the twenty-third day ſhe ſeemed fit for 
the admiſſion of the male, and Lattempted to 
fecundateher rag. in the following man- 


ner. A young dog of the ſame breed furniſhed 
me, by a ſpontaneous emiſſion, with nineteen 
grains of feed, which were immediately in- 
jected inte the matrix, by meansof a ſmall fy- 
ringe introduced into the vagina. As the na- 
tural heat of the ſeed in animals of warm blood 
may be a condition neceſſary to render fecun- 


dation efficacious, I had taken care to give the 


{yringe the degree of heat which man and dogs 
are found to poſſeſs, which is about 30* (9). 


Two days after the injection, the bitch went 


off her heat, and in twenty days her belly 
appeared ſwoln, which induced me to ſet 
her at liberty on the twenty-ſixth. Mean- 
while the ſwelling of the belly increaſed; 
and fixty-two days after the injection of the 
ſeed, the bitch brought forth three lively 
helps, two male and one female, reſembling 
in colour and ſhape not the bitch only, but 
the dog alſo from which the ſeed had been 
taken. Thus did I ſucceed in fecundatin 

this quadruped ; and I can truly ſay, that 


never received greater pleaſure upon any oc- 


. fince I cultivated experimental phi- 
ofop | 


nineteen grains of ſeed were . but it 
is proper to add, that the whole quantity 


{a} gy or 199 of F. 


O 3 did 


1 
CLAXIV I have before obſeryed, that 
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did not paſs into the uterus. Thirteen at moſt 
arrived there, ſince ſix at leaſt adhered to the 
ſides of the ſyringe. But we are not to con- 
clude, that impregnation was effected by all 
of them. It 3 beyond diſpute, that a 
much ſmaller quantity is ſufficient. As the 
effect is produced in the ovarium, the ſeed 
muſt paſs through the tubes, and who does 
not perceive, that ſome muſt be retained b 
their ſides, as alſo by thoſe of the uterus ? A 
very ſmall portion muſt therefore, in this 
_ have produced fecundation. Com- 
bining this experiment with thoſe made u 
amphibious animals, in which we have Fe 
how ſmall a quantity of ſeed ſuffices, it may 
with great probability be inferred, that the 
doſe of that vital liquid, by which Nature is 
renewed, is always excee nal minute, as 


A 


well in the large as ſmall animals. This in- 
ference is ſtill further confirmed by obſerva- 
tions relative to birds; from which we learn, 
that a cock fecundates at once all the eggs 
laid by the hen in twenty days. Hence, as 
one is ſufficient for twelve or even twenty 
hens, he may every day be the father of thirty 
chickens (a). > "4 
I | conclude with a brief reflection. Con- 
fidering my laſt diſcovery, I have no difficulty 
in believing, that we ſhall be able to give 
birth to ſome large animals, without the 
concurrence of the two ſexes, provided we 
have recourſe to the fimple mechanical de- 
vice coped by me; and, at the ſame 
time, take advantage of ſuch favourable cir- 


(2) Buffon, hiſtoire des oiſeaux. 
5 cumſtances 
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cumſtances as may promote the experiment, 
and uſe thoſe 1 precautions which 


are indiſpenſible. Meanwhile, reflecting 
upon the phenomena which I 7 related, 


[ am inclined to exclaim with Pliny, Mz; 
intuenti ſape perſuaſit rerum Natura nibil in- 
crellibile exiſtimare de ed. . 5 
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ARGUMENT. 


A LITTLE before I delivered to the 
Printer the two Diſſertations on the 

Generation and artificial Fecundation of dif- 
ferent animals, I tranſmitted a French tranſla- 
tion of the analytical index to my illuſtrious 

riend Mr. Bonnet; for my numerous en- 
gagements did not allow me to ſend him an 
abridgment of the Diſſertations, notwith- 
ſtanding I, as well as he, very much wiſhed 
it. The great brevity of my communica- 
tion produced effects, equally advantageous'to 
the public and myſelf, but ſuch as I did not 
at al 2 From its very nature, the in- 
dex could only ſerve to — a ſummary 
of the contents, and was merely calculated 
to induce the reader to conſult the gy 2 


'- ox 
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ſelf. When I conſidered that the Diſſerta- 
tions would ſoon appear, I ſuppoſed that my 
friend would be ſatisfied with the imperfect 
account I ſent to him. But I was miſtaken. 

The peruſal of the index excited a deſire of 
fuller information concerning ſeveral: parti- 
culars: and he wrote a long and obliging 
letter, which drew from me an anſwer, in 
which I endeavoured to reply to the ſeve- 
ral pertinent queſtions © propoſed by Mr. 
Bonnet. My. anſwer; was followed by a 
ſecond letter, not leſs 2 and intereſting 
than the former. Such was the origin of 
theſe two letters. I conſider it as a ſingular 
advantage, that I am authorized to publith 
them; not merely on account of their cloſe 
connection with the Diſſertations, but alſo on 
account of their good ſenſe, the philoſophical 
views, and profound reflections we they 
contain; and becauſe they are recommended by 
that elegance (if I may be allowed to judge 
concerning what is written in a foreign lan- 
guage) which ever characteriſes the produc- 
tions of this writer, Lats i354 191903) 
In the firſt, thoſe paſſages of the analytical 
index, which require explanation, are fre- 
quently tranſcribed. It would have been ſu- 
perfluous to publiſh ne: reply, containing 
theſe explanations, as I took it from my 
book: there the reader will find them, by 
having recourſe to the numbers of the letter, 
which correſpond to thoſe of the Diſſerta- 
tion. With this help, he will alſo enter bet - 
ter into the reaſoning and reflections of Mr. 
Bonnet upon thoſe paſſages of the index, of 
which he did not aſk for apy explanation. 


The 
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The ſecond letter, which relates to my 
explanations, is in general very perſpicuous. 
In thoſe places, both of this and the firſt, 
which ſeemed to require ſome previous in- 
formation, I have placed a few notes at the 

bottom of the page. e 


00 


} 


e SGBenthod, Nov. 29th, 1780. 
My dear Friend, | | 
WAS going to write to you at the time 

I received your intereſting letter of the 
7 for which I return you many | 
My health, it is true, has been very much 
ditordered this year. In the ſummer, I had 
two tedious. catarrhal fevers, the one imme- 
diately ſucceeding the other; they harraſſed 
me exceedingly, and very much affected my 
weak eyes. The violent and repeated efforts 
of coughing, drove the blood into them 
in tao great abundance. I could do nothing 
all July and Auguſt and part of September. 
When I was firſt attacked, I was very buſy 
about my numerous annotations on the Con- 
templatian. I had gone as far as the tenth 
part. I could not reſume this employment 
immediately . 5 my recovery; it required 
ication for mY weak ſtate. I 


too much ap 
therefore ſet I the reyiſal of the different 
| memoirs 


T 
Fe 

F 
P 
& 
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memoirs I had publiſhed in Rozier's Journal. 
Hence I was led to compoſe new ones on 
bees, ſnails, and newts. They will compoſe 
the Fifth Volume of the edition in Quarto; 


and that the preſs may not remain unemploy+ 


ed, I have allowed my editors to print them 


as they are ſent. The firſt volume of the 
mon eee was printed, when they began 
the fifth volume. The Contemplation will take 
up the fourth volume. It wilT be enlarged 
about one-third. Hence it became neceſſar 
to divide the volume into two parts. It with 
occupy three volumes in -oftavo. Tou will 
eaſily believe, that your name frequently oc- 
curs, and I am always highly a when I 
have occaſion to mention your fine diſcoveries. 
But I have great reaſon to regret, that I did not 
ſooner receive the ſynopſis of the new experi- 
ments you have obligingly communicated 
to me. As ] treat in the ſeventh and eighth 
rts of the reproduction of animated beings, 
cannot, as thoſe parts are already printed, 
introduce many curious particulars noticed 
in your index. But I foreſee, it will not be 
difficult to introduce many of your obſerva- 
tions into the chapters not yet printed. 1 
will, therefore, go over the principal articles; 
obſerving the order of your numbers, s. 
I. I perceive that you have found, by many 
experiments, that the fetus exiſts betbre ſe- 
cundation in the green aquatic frog, the tree- 
frog, the great terreſtrial toad, with red eyes 
and dorſal tubercles, the fetid terreſtrial toad, 
and in two ſpecies of the water-newts (a): 
(u) Ne I. of this and the ſecond letter, are the only 
Numbers which have none to correſpond with them in 
the Differtations.- | 3 IE” 151 112 
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This ſhort liſt will doubtleſs be enlarged, as 
ſoon as your curious experiments are ex- 
tended to other ſpecies; and you will always 
have the diſtinguiſhed merit, of having laid 
open ſo rich and beautiful a career. All 
direct means of proving the pre- exiſtence 
of the embryo in birds and quadrupeds, 
have by no means been employed. I, you 
know, have never doubted of this pre- exiſt- 
ence: all my reflections upon generation, 
even in my youth, led me to conſider it as the 
moſt univerſal law of Nature; To contrive; 
therefore, expedients for expoſing the germ, 
which is undoubtedly contained in the ve- 
ficles of the ovarium of large viviparous ani- 
mals before the acceſs of the male, is the 
firſt requiſite. Its tranſparency probably 
contributes as much as its minuteneſs, to 
render the germ inviſible before fecundation. 
Whatever would tend to leſſen its tranſpa- 
rency, and to coagulate the embryo, would 
reduce it within the power of glaſſes ;; ſuch 
experiments, ſo likely to illuſtrate the im- 
E and obſcure ſubject of generation, 
ave been little practiſed ; and I foreſee, that 
if you will but conſent to deſcend into this 
of mine, you will bring away unexpected 
wealth; for Nature treats you as a favourite 
child, becauſe you underſtand how to inter- 
rogate her properly. But though we ſhould 
not be able to obtain a diſtin& view of. the 
erm in large quadrupeds and birds before 
— 0s we may very juſtly preſume, 
from what we moſt certainly know concern 
ing this intereſting ſubject, that the germ 
exiſts before impregnation, or that its formation 
is not owing to the concourſe of the male 
and female, but bears date 2 Primordio. * 
ers 
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ler's demonſtration of the pre- exiſtence of 
the chicken is not ſtrictly direct; it does not 
8 the germ ittelf before fecundation, 
but eſtabliſhes only the continuity of its 
membranes with the yolk, which inconteſti- 
bly exiſts before fecundation, This inquiry 
has, I think, been abandoned too ſoon; it 
has too haſtily been determined to be beyond 
the reach of human abilities. I am per- 
ſuaded, that if it had been conducted with 
the fame perſeverance, pains, and ſagacity, 
as you have ſhewn in your profound re- 
earches concerning the animalcules of in- 
fuſions and amphibious animals, far more 
direct proofs of the pre- exiſtence of the germ 
in the females of oviparous and large vivi- 
arous animals, would have been obtained. 
here is ſome contrivance, not yet conceived 
by phyſiologiſts, which, the moment the) 
ſhall diſcover it, and put it in practice, wil 
afford the demonſtration we ſo much deſire; 
Men ſhould never be in haſte- to conclude 
that any inquiry is impracticable, merely be- 
cauſe no relation appears between the preſent 
means, and the fact to be aſcertained ; for 
have all the combinations of thefe means 
been tried? If not, who can be certain, that 
he is acquainted with all the relations be- 
tween theſe means and the fact, which is 
preſumed to exiſt, and propoſed to be aſcer- 
tained? This reflection is ſtrengthened by 
numberleſs inſtances, recorded in every page of 
the hiſtory of natural philoſophy, and more 
eſpecially of phyſiology. Conſider how many 
inventions, for which the ancients would 
ſcarce have dared to hope, even if they had 
had a diſtant glimpſe of them, have my" - 


L EA TU T E RA © 207 


theſe ſclences! Could they have imagined, 
that the artificial fecundation of the germs of 
various animals would one day be accom- 
pliſhed, and that chickens would be hatched 
without the aid of animal heat or of a ſtove? 
Need I mention thoſe admirable chirurgical 
operations, the miracles of the healing art, 
which are ſcarce credible even to thoſe who 
behold. them? We are as yet incompetent 
judges of what is impoſſible in phbnelephy; 
for we always decide from our preſent acqui- 
ſitions of knowledge, which bear no propor- 
tion to Nature. Nature is immenſe; the 
poſſible combinations of beings have no 
bounds, and the human underſtanding is al- 
molt always too haſty in its deciſions. The 
conviction of our ignorance or moderate at- 
tainments, ought to preſerve us from deſpair- 
ing of any thing in phyſics; we ſhould ſay 
to „ cannot — 2 
will lay open to every eye. But enough upon 
a ſubject capable of atfot ing a ſmall volingie 
of practical reffections; it is time to come to 
the intereſtin 8 {ſketch of the work you are 
about to publiſh. I ſhall be guided by the 
numbers of your paragrapbs 

XIII. I find here, that you have imagined 
a curious contrivance to prevent the fecunda- 
tion of the green aquatic frog. Vou do not 
particularize the experiment, and it excites 
my curioſity. I muſt therefore take advan- 
tage of your friendly offer, to anſwer the 
principal queſtions ſuggeſted to me by the 
peruſal. of your ſketch. You may be ſure; 
that I ſhall make uſe of your anſwers: Lou 
thall be my oracle, and I am certain that its 
replies will be more intelligible and inſtrue- 
23 tive 


tive than thoſe of the Delphian oracle. How 


have you contrived to prevent fecundation in 
geſted new information concerning the myſ- 
tery of fecundation; for nothing here ſtands 
unconnectec. W 5 25 
- XXVI. I cannot here underſtand the ſenſe 
of your expreſſions, ©* the fecundation of the 
eggs, though effected out of the body, pene- 
trates however a little way into it.” ls the 
action of the ſeed propagated. by the gelati- 
nous matter enveloping the eggs? But I ought 
not to try to find your meaning by conjecture, 
LIX. I am glad that you have diftinatly 

ſeen the circulation of the blood in tadpoles, 
before they yet ſhewed any ſigns of motion. 
Many other inteſtine movements doubtleſs take 
place in germs, before they are ſufficiently de- 
veloped to move their little limbs. If germs 
are all originally encloſed one within another, 
many inteſtine motions muſt have happened 
in them ſince the creation, But this admi- 

rable ſpectacle is reſerved for thoſe ſuperior 
intelligences; whoſe piercing view penetrates 
into the moſt hidden ſprings of the machine 
of this world. Much has been ſaid of the 
involution (emboitement) of germs ; the term 
is improper : germs are not little boxes en- 
cloſed one within another; they muſt have 
been integrant parts of the rl organized 
bodies that came from the hand of the Cre- 
ator. I have inſiſted on this point in one 
of my new notes on the Contemplation. It is 

of conſequence to fix the meaning of terms 
preciſely. - Ke 1 e 
LXXV, EXXVI. You are then convinced, 
that the eggs of ſcaly fiſhes loſe by deſicca- 
tion 
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tion the power of being productive. Vou 
have ſeen the ſame e to the ſup- 
poſed eggs of tadpoles; and you * * 
that the aſſigned explanation of the re- 
peopling of dried ponds 1s falſe. I was there 
fore miſtaken, when in Art. CCCXVIII. 
of the Conſiderations on organized bodies, I 
thought of a plying to the eggs of fiſhes. 
what my illuſtrious friend Trembley had ob- 
ſerved with reſpect to thoſe of the tufted: 
Folhpe, which may be kept ſeveral months in 
the dry without loſing the power of producing. 
however threw out an invitation to Natura- 
liſts on. the ſubject of fiſhes eggs: I-faid,- 
that it would be a curious experiment to 
keep different fiſhes eggs for ſome time in the 
dry, and then diſtribute them in proper places. 
This fimple trial would aſcertain, whether in 
ſuch a ſtate they can ſerve to perpetuate the ſpe- 
cies. Nature is not ſubjected to undeviating 
exactneſs: In her operations there is a latitude. 
which the Naturaliſt ought. to ſtudy, and 
which experiment alone can detect. You 
have accepted my invitation, and your expe- 
riments have not been favourable to my con- 
jecture. As you have not pointed out your 
manner of N I am unable to judge 
whether it excludes the moſt common natu- 
ral circumſtances in ponds and pools, _ Many 
trivial particulars may produce a variation in 
the retults. You, calily gueſs what I have 
in view ; but I am not leſs inclined. to ac- 
quieſce in the falſchood of my conjecture. - / 
LXXX. Strange way in e the male 
newt impregnates the ; without copula- 
tion. I have never ſcen the fecundation of 
the newt ; but my curioſity is much raiſed : 
Vor. II. , I beg 
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J beg you will inform me in what this 
ſtrangeneſs conſiſts! My brain has long been 
diſpoſed, by frequently taking cognizance of 
prodigies, for the admiſſion of the ſtrangeſt 
things; for ſuch ſurely is the reproduction 
of limbs in the newt, which has en- 
gaged my attention for ſome years, and ſtill 
engages it. I ſhould probably have ſeen the 
act of fecundation, if I had kept individuals 
of different ſexes in the ſame veſſel; but my 
only aim was to obſerve with my oven eyes 
theſe beautiful organic reproductions. 
LXXXIV, LXXXV. You treat in theſe 
articles of the natural fecundation of the eggs 
of the newt. I am totally unacquainted with 
it, and ſhould be obliged by a brief expla- 
nation. . EF 
_ XCVI. F# hat forefight ds amphibious animals 
ſhew in the multiplication of the fpecies? No- 
thing in the ftudy of animals intereſts my 
curiofity ſo much as their 7orefght. We 
frequently commit miſtakes on this ſubject, 
and are apt to form wiz! unphiloſophical 
ideas; but of this I have ſaid enough in the 
Contemplation, and gltewhere. We impute 
to animals, with wonderful facility, our own 
foreſight and our reaſoning faculty. Could 
| they judge concerning us, they would reduce 
1 us to their ſtandard; for they would attribute 
=_ to us their ſenſations and actions. Authors 
Have run into the moſt oppoſite extremes in 
conſidering this topic; I have ſought the 
medium, and hope that I have found it. You 
have a good right to decide. | 
Il, XCVIL, XCIX. I find here 
ſomething relative to the induſtry of ani- 
mals, and I dwell upon it with pleaſure, 
having devoted one whole chapter of the Con- 
3 templa- 
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beinplution to the amours of the toad which you 
conſider here. You enquire, Vu the male frog » 
and toad embrace the female ſo cloſely and % 
yang? I had preſumed, that ſuch a long con- 
tinuance had ſome ſecret final cauſe; but 1 
was unacquainted with any obſervation which 
could guide me to that cauſe. I expect from 
your friendſhip the inſtruction which I want. 
ſhould ſuſpect, that the embraces tend ta. 
fcilitate the deſcent of the eggs or the tad- 
roles into the duds, and "thence inte the 
uterus, and moreover, perhaps to aid the 
expulſion of the embryos. I meet in every 
part of your ſketch with enigmas, and hazard 
my conjecture without hoping that it is the 
true explanation. 5 9 
CII. Has the intereſting obſervation of 
Mr. Demours, concerning the amours of the 
toad, of which I made uſe, given occaſion to 
any critical reflection? Was the obſerver de- 
ceived ? He certainly ſtood in a good fitua- 
tion for obſerving. 7 OE 1975 | 
CV, CVI. Here you do not ſeem inclined 
to abide by the current accounts of the fecun- 
zation of ſcaly fiſhes. You f of uncers 
tainties, what are they? Do you doubt 


whether the male emits his milt upon the 


eggs? Or whether he repeatedly rubs the 
belly of the female? Or of both theſe ac- 
counts? My own faith was very unſettled 
upon theſe points. I could no where find 
deciſive obſervations. It is aſtoniſhing ſome- 
times to ſee Naturaliſts remain ſo long and ſo 
quietly in doubt, about the moſt intereſting 
queitions, and make no attempt to ſolve them 
by the eafieſt obſervations and experiments. 
The mind, — ſo active, is yet often 
2 


very 
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very indolent. To contrive an inſi gnifitant 
experiment, or a {mall apparatus, require; as 
great an effort as to undertake a journey. 
Such obſervers only as you are always. 
alert; ſuch only have their minds e 
action and forming combinations. You hae 
made more diſcoveries in five or fix years,, 
than whole Academies in half a century. l, 
however, who know the labourer, and the 
richneſs of the harveſt, am not at all ſur- 
prized. When, in 1765, you obligingly aſked 
my opinion on the department of Natural 
Hiſtory to which you ſhould apply, I eaſily 
foreſaw how much that ſcience would one 
day be indebted to you. Your firſt produc- 
tion on the animalcules of infuſions, fulfilled 
my prediction, and your intereſting letters 
upon the wonderful reproductions of the 
earth- worm, the ſnail, and the newt, were 
new confirmations of it. I have contem- 
plated, from the filence of my retreat, your 
gigantic progreſs in that fine career. 25 
CVIII. From this article I learn, that the 
fecundation of the newit differs from that of 
other animals; but I am not informed in 
what the difference conſiſts. The modifica- 
tions of the great laws of Nature chiefly ex- 
cite the attention of the philoſophical Natu- 
raliſt. They ſtrike him with the greater 
force, as they ſhew the endleſs variety of the 
CREATOR's reſources, and of thoſe fubor- 
.dinate means, by which his WisDom pre- 
qutes the: firſt developement of animated 
beings. It was not confiſtent with the 
economy of the world, that all generations 
thould.exit together in a ſtate of complete 
evolution. The earth could neither have 
IVY | p 0 
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contained them, nor ſupplied them with food. 
They were, therefore, placed one within 
another, in a ſeries continually decreaſing, 
and loſt at laſt in the abyſs of infinite little- 
nels. The generations are therefore de- 
veloped, one by means of another, and 
their growth is proportional to the order of 
degradations. Thus they are gradually ad- 
vancing out of impenetrable darkneſs, and at 
length arrive at the term, which ſeparates the 
vifible from the inviſible, and from which, 
by the aid of fecundation, they inſenfibly 
ariſe to the degree of perfection competent 
to the ſpecies. But as animated beings are 
greatly diverſified, ſo likewiſe are the laws 
which preſide over their developement. 
Hence reſult many varieties in the forms which 
they ſucceſſively aſſume, and in the mode and 
effects of fecundation. The delineation of 
theſe phaſes and varieties, conſtitutes the 
moſt engaging part of the hiſtory of gene- 
ration. | 1 | | | 
CXXIII, CXXIV. From your numerous 
experiments on artificial fecundation it ap- 
_ pears, that attempts of this kind upon germs, 
while yet in the ovarium, or at the upper 
end of the ducts, will fail. I can, I think, 
aſſign the reaſon. The ſeed acts on theſe fe- 
tuſes as a ſimple ſtimulant. Now there is an 
original relation between the latent power, 
which cauſes the irritability or the con- 
traction of the muſcular fibre, and the pre- 
ſent ſtate of that fibre. If it has not yet at- 
tained the neceſſary degree of conſiſtence, it 
will not be in proportion to the mode of 
action of that power, and its impreſſion will 
therefore produce no effect. The germ muſt 
P 3 have 
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have arrived at a determinate growth before 

it can be ſuſceptible of irritation. Such was 

the reaſoning of the great Haller. 

. CXXVII, CXXIX. I find here a parti- 
cular which embarraſſes me. Artificial fe- 
cumdation, you ſay, does not ſucceed in the 
newt with pure ſeed, and it is necefer to di- 

lute it with water. But pure feed is the effi- 
_ cient cauſe of natural fecundation : how then 

comes it to fail in the artificial ? does the air 
inſpiſſate it too much, or is it mixed with 
ſome thinner fluid at the inſtant of its emiſ- 

- Hon from the male. I know not what to 

think. You will inſtruc me. | 

CXXXIV. The ſeed does not loſe its 2 c 
virtue, though incorporated with other liguors. 

J have great pleaſure, my dear philoſopher, 

in ſeeing you found Nature, by means of 

combinations which ſhe never made. Pre- 
ceding phyſiologiſts did not conceive the idea 
of ſuch combinations. But what liquors 

did you mix with the ſemen? it does not, 

it ſeems, mix intimately with them; there 

is no chemical ſolution, ſince the ſperm re- 
tains. its prolific yirtue—it is at leaſt ver 
certain, that it is not decompoſed by theſe 
different liquors, for decompoſition would 
deſtroy its ſtimulating power. How do you 
reaſon on theſe facts? ed 

_ CXLIII. Three grains of feed incorporated 

with eighteen ounces of water, retam perfettly 

their fecundatiug virtue in the green aquatic. 
and in the tree-frog. Three grams diluted with 
two hundred and fixty-four ounces of water, 

4% not altogether loſe their efficacy. This 
would never have been ſuſpected ; what won- 
derful energy muſt this ſingular ſtimulant 
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poſſeſs! ſince it is not ſenſibly weakened, 
when three grains-are mixed with eighteen 
ounces of water, and is even perceptible, 
when they are diluted in two hundred and 
ſixty- four ounces! theſe three grains of ſeed 
apparently are diffuſed through this body of 
water, as three grains of mulk are diffuſed 
through the air of a large apartment; they ne- 
vertheleſs a& upon the ſmell, and irritate the 
nervous fibres; this irritation illuſtrates the 
effect produced by feed diluted in a large 
quantity of water, upon the muſcular fibres 
of the heart of the embryo. | 
CXLIV, CXLV. Other remarkable en 
periments upon a little ſeed, mixed with a great 
quantity of water. Experiments ſo ne and in- 
ſtructive, could not be too much varied; and 
it is with great ſatisfaction I obſerve, that 
you have taken advantage of Nature's com- 
plaiſance. I beg you wall give me further 
inſtruction on this head. | | 
CLII. The ſeed fecundates tadpoles by pene- 
trating into their diminutive bodies. Small 
openings for its admiſſion. Such circumſtances 
have always been more intereſting to me, 
than any thing in the hiſtory of fecundation. 
I haye, always, you know, preſumed that 
fecundation was effected from without; and 
you may recolle&, that I once defired you 
to ſearch for the little pores, which I 
1magined Nature had wrought in the covers 
of the germ, for the introduction of the 
{eed ; You have now diſcovered them, and - 
congratulate you moſt ſincerely. - he diſ- 
covery is of high importance, and I am quite 
impatient for the particulars. I have obſerved 
in a new nate, Caps NX. part. 7: of the 
4 Teoentempla- 
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Contemplation, What happens openly du- 
ring the fecundation of the eggs of amphi- 
bious animals, takes places in other claſſes in 
| the obſcurity of the ovarium. The egg is 
always fecundated externally, - both in ovipa- 
rous and viviparous animals. The ſuppo- 
| ſition followed very naturally, after the em- 
bryo was allowed to exiſt entire in the egg: 
the obvious inference was, that the ſeed acted 
only as a nutritious and ſtimulating principle. 
But this fimple and philoſophical notion of 
fecundation could not be conceived by thoſe 
who reject all organic preformation, and 
imagine, that the embryo is mechanically 
formed by certain powers of affinity forces 
de rapport) or by the ſucceſſive juxta-poſition 
of certain molecules iſſuing from the male and 
female, which had been moulded within 
them. © ++ - | 5 FEEL ol 
_ _ CLVHE. Whether the ſmall portion of ſeed, 
employed by Nature for the impregnation of 
amphibious animals, affords reaſon to ſuppoſe 
that large animals alſo are impregnated by 
Jo inconfſiderable a quantity. I am very de- 
firous of knowing your thoughts on a ſub- 
ject, which has never been properly diſcuſ- 
ſed, becauſe, before it could be properly diſ- 
cuſſed, it was necefiary to make thoſe fine 
experiments, which you have ſo well executed 
on amphibious animals, and which yet were 
not ſuppoſed to be poſſible. If the ovaria of 
'an ewe, bitch, or cow, could be laid bare 
without endangering life, your queſtion might 
be decided by experiments like thoſe on am- 
phibious animals, which ſuggeſted to you ſo 
many new truths. You might touch with 
the end of a pencil, dipped in the ſeed of _ 
A N . . | | male, 
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male, one or more of the veſculæ of the 


ovarium; and if the wound could be healed 
without deſtroying the effect of fecundation, 
you would find the quantity of ſeed neceſſary 
for this purpoſe in large animals. This ſin- 
cular experiment would perhaps ſucceed bet- 
ter on the greater oviparous ſpecies. If it is 
to ſucceed at all, it muſt be in your hands. 
You have accuſtomed me to expect much 
from your dexterity and perſeverance. Should 
you only be fortunate enough to perceive an 
incipient evolution of the germ, it would be 
ſufficient for our inſtruction. There are obſer- 
vations which directly prove, that the fetus 
may be developed in the ovarium. You 
might alſo try to inject different quantities 


into the matrix. Should the ſmalleſt portion 


prove as efficacious as the greateſt, it would 
become very probable, that the fecundation of 
large animals differs but little in this re- 
ſpect from that of the amphibious claſs. 
CLIX. The ſeed of amphibious animals ſeems 


to be a ſimple ſtimulant, and not a nutritious 


Auid. think I perceive the foundation of 


your concluſion. You cannot reconcile the 
ſmall quantity of ſeed ſufficient for fecunda- 
tion, with the idea of a fluid, deſtined to 
ſupply all the parts of the embryo with their 
firſt nutriment. You calculate (CLV), that 
the bulk of this portion of ſeed, is to that 
of the embryo, as 1 to 1064777777-. There 


can, therefore, be no fort of proportion be- 


tween the nutritious fluid, and the embryo 


to be nouriſhed. I ſhall not conteſt the juſt 
neſs of your inference, as far as it regards 
amphibious animals; but I do not think you 
can extend it to large animals. The mules 
Fro ” Wl produced 


218 rn 


produced by them furniſh facts, which render 
zt impoſſible to doubt, that the ſeed modiſies 
various parts of the embryo: I have given 
ſeveral inſtances; the ſeed is therefore car- 
Tied to theſe parts, and how can it be ima- 
gined to change their forms and proportions 
without penetrating into them (4)? Con- 
fider, in particular, the larynx of the great 
emule. I am brief; but you, who underſtand 
my principles as well as I do myſelf, will 
eaſily comprehend my meaning. 

CLXVII. The ſeed is not a fpirituous nor 
very volatile liquor, as ſome philofophers have 
imagined. I am glad you have aſcertained 
this; but after having ſhewn what the ſeed 
is not, have you diſcovered what it is? We 
well know, that it is one of the moſt highly 
wrought fluids in the animal body. Have 
ou made any chemical experiments upon it? 

have always entertained a ſuſpicion, that it 
very much reſembles the nervous fluid. I 


(a) When the experiments related in this work, ſhall 
be attempted upon large animals, as there is every rea- 
fon' to hope that they ſoon will, with ſucceſs, I do not 
think there is any great temerity in predicting, that 
this favourite hypotheſis of Mr. Bonnet will be proved to 
be falſe. It was long ſince rejected by Haller, the moft 
candid and acute examiner of phyſiological hypotheſes ; 
and Spallanzani has furniſhed a very powerful additional 
argument, derived indeed from analogy, but more cogent 
than any proof in favour of it. T here are numberleſs 
examples, of parts of the ſyſtem being deeply affected by 
ſubſtances not in contact with them. Nervous ſympathy 
is called in to explain fuch phænomena, and to what elſe 
is it poſſible to impute them? Phyſiologiſts will, in like 
manner, 1 ſuppoſe, deduce the changes produced by the 
ſeed of one ſpecies upon the embryo of another, from the 
fame cauſe, I. | 


have 
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have proved, that irritability muſt depend 
on a very active fluid, diſſeminated among 
the muſcular fibres. Contemp, Part. X. Ch. 

The ſeed of amphibious animals, which 
is the ſtimulant of the heart of the embryo, 
may have a certain affinity or 41d with the 
fluid diſperſed in the fibres of this impelling 
organ. Here we find depths that cannot yet 
be fathomed. 5 | 
 CLXVUI. The electric fluid accelerates the 

evolution of fecundated tadpoles, but does not 
animate thoſe which are impregnated. I thank 
you for having tried, as I propoſed, whether 
the electric fluid might be ſubſtituted inſtead 
of the ſeminal liquor, in the artificial fecun- 
dation of tadpoles. It did not anſwer, and 
you may imagine, that I do not wonder at 
the failure. It was proper to make the trial. 
Que ſait-on is a queſtion that frequently re- 
curs in natural philoſophy and natural hiſ- 
tory. You have at leaſt found, that the elec- 
trical fluid forwards the evolution of fecun- 
dated tadpoles, a new obſervation, to be added 
to thoſe recorded in the hiſtory of electricity. 
CLXIX, CLXX. Various other liguors are 

mcapable of effecting artificial impregnation. 


That talent of combination which you poſ- 
ſeſs, and which charactizes the true natural- 
iſt, gave me reaſon to expect theſe various 
experiments. Nature, by her negative re- 
. ſponſes, has afforded you no leſs informa- 
tion, than when ſhe has anſwered in the af- 
firmative. | | = 
_ CLXXI. The ſeed 2 the newt is incapable 
of fecundating the embryos of frogs and toads, 


* 


and reciprocally. This is alſo true of the ſeed 
of toads and frogs reſpecting one another. 1 . 
i thoug 


* 


r 


though Nature produces mules between large 
animals, and even between inſects and plants, 
ſhe refuſes them to the amphibious tribe. 
' You very properly queſtioned her on a ſubject 
ſo important; from her anſwers we learn, 
that ſhe has not here allowed herſelf any la- 
titude. This is very remarkable; for at firſt 
fight, the toad appears to differ much leſs 
from the frog, than the horſe from the als. 
If the contrary had happened, and you had 
obtained mules by the artificial impregnation 
of amphibious animals, you would not have 
had ſuch good reaſon for concluding, that 
the ſeed of theſe animals acts but as a ſtimu- 
lant. It would remain to inquire, why Na- 
ture has here ſet herſelf ſuch narrow limits. 
If it ſhould be ſaid, that in ſpecies apparently 
-fo nearly allied, one degree more of approxi- 
mation would have deſtroyed the ſpecific cha- 
racter, this would be to aſſign the final, but 
not the efficient cauſe. | „ 5 
CLXXII. The eggs of the winged inſet 
produced from the fulk-worm, 2 fe- 
cundated by the author. An Italian, the fa- 
mous Malphigi, firſt imagined this experi- 
ment: another Italian, the ſecond Malphigi, 
firſt ſucceeded in it. Above eighteen years ago, 
I exhorted naturaliſts to repeat this intereſting 
experiment; and in this long interval, the 
- philoſopher of Reggio alone has undertaken 
it. What fatisfaction mult he receive on this 
account! But he will not confine himſelf to 
the eggs of this ſpecies ; he will proceed to 
. thoſe of other butterflies. He will try to 
fecundate the eggs of one ſpecies with the 
feed of another: he will defire to know, 
- whether: butterfiies and moths reſemble am- 
| phibious 
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phibious animals in this reſpect; and he will 
not, I am ſure, negle& making the ſame 
trials upon other different inſects. Reaſoning 
will not illuſtrate this ſubject: experiment 
alone can fupply the information we deſire. 

From all your experiments, you deduce a 
concluſion highly pleafing to me; all the 
dreams of modern epigeneſiſts are diſowned 
by Nature. You know how averſe I have 
been all my life to this ſyſtem ; I have com- 
bated it in all my writings, and when my 
late illuſtrious friend HALLER was inclining 
to this hypotheſis, T had the courage to reſiſt 
him, notwithſtanding: the impreſſion his au- 
thority made on me. The chicken came to 
my atfiftance, and the great phyfiologiſt de- 
clared againſt epigeneſis. | - 

I have gone through the principal articles 
of your table: many things are left behind, 
but the reviſal of my works does not permit 
me to attend to you as much as I conld with. 
I paſs to your kind letter of the thirteenth 
of March, which I have not yet anſwered. 

I knew not that the celebrated Merian had 
obſerved the Pipa before Ruyſch. I have 
made uſe of the paſſage from that heroine, 
which you obligingly tranſcribed for me (a). 


(a) In a letter, written March 13, 1780, to Mr. 
Bonnet, about his Memoir on the Pipa, inſerted in Ro- 
zier's Journal for 1779, and of which I ſpeak incident- _ 
ally in Sea. CIV, {Brined him that Merian, and not 


 Ruyſch, as he fuppoſed, firſt ſpoke of this ſingular ani- 
mal; and I moreover communicated to him the erroneous 
opinions of Valliſneri, who affirmed, that the kind of 
uterus containing the young toads, is upon the back of 
the male, and not of the female, To this paragraph of 


"" TL have 


my letter Mr. Bonnet alludes. 


I have inſerted it in an addition to my Meas 
moir. I have made the ſame uſe of that from 
Valliſneri, which was alſo quite unknown to 
me. Your .cenſure of his negligence, in 
not aſcertaining the ſex of his two pipas, is 
juſt. I have diſſected, or rather flead the 
pipa left in our bottle; but the fatigue my, 
eyes underwent, together with the quantity 
of ſpirits which had penetrated into the in- 
fide, hindered me from obſerving diſtinctly 
every thing that lay before me. I made my 
inciſion on the belly, and after turning aſide 
the ſkin, perceived the muſcles and internal 
teguments. Having removed them, I diſ- 
covered the inteſtines. I was firſt ſtruck by 
a number of bright Fa rains that were 
diſperſed over the viſcera. In order to learn 
whether their ſhape was regular, I obſerved 
them with a glaſs, but it appeared to vary a 
good deal ; ſome being round, others oblong; 
and others again like quadrilateral plates: 
The ſtomach was oval, muſcular, and thick; 
it was filled with many ſmall brown frag- 
ments, very brittle, ſome a line or two in 
length, and pretty much reſembling frag- 
ments of the leaves of plants. But to come 
to our chief object, I could not perceive 
any veſtige of an ovarium ; I ſought for the 
teſticles, and found, near the bladder, an ob- 
long fleſhy body, which might perhaps be 
a teſticle, but I could not find that on the 
other ſide. 1 could not, indeed, perform this 
diſſection according to my wiſhes ; I ſaw juſt 
enough to form an idea of the great apparatus 
of viſcera, which this ſingular toad offers to 
the attention of the obſerver; every one of 
which might employ him whole months, > 
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he had the inclination or the ability to ſtudy it 
as Lyonet ſtudied his eruca. To refute Val- 
liſneri's opinion, it is not abſolutely neceſſarx 
to have recourſe to diſſection. Mr. Fermin's 
obſervation, of which I have given the ſub- 
tance, Sect. CC XXVII., Corps organ. u. 1. 
leaves no room to doubt that the female's 
back is furniſhed with the cells, fince he 
diſſected her, ſaw the ovartum, and was an 
cye-witneſs of the union of the ſexes. I am 
glad my Memoir afforded you ſatisfaction. 1 
wifh the queſtions at the concluſion may in- 
duce ſome Naturaliſt to examine more parti- 
cularly an animal fo remarkable, and as yet 
without parallel. K OI 
I thank you for the Italian extract from 
your reſearches on the movement of the 
blood, which I could not read in your excel- 
lent work. Mr. Saladin tranflated it, and 1 
{hall borrow from it fome curious particulars 
for a note on Part X. of the Contemplation- 
I aſk nothing further on this ſubject, for my 
editors preſs me to finiſh as ſoon as poſſible. 
The ſubſcribers grow impatient, and threaten 
to withdraw their contributions. I have been 
obliged to write a ſhort letter in excuſe of 
my involuntary delay, and to ſatisfy them 
about the delivery of the ſubſequent parts. 
Your concluſions, relative to the blood, 
have entertained me highly. You firſt have 
diſcovered an important truth; the impulſe 
given by the Heart is perceptible to the com- 
mencement of the veins. That the motion 
of the blood does not, as phyſiologiſts ſup- 
poſed, become ſlower at the extremities of the 
arteries, is another new obſervation of equal 
importance. They were miſtaken about the 
| power 
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power or powers of circulation. They aſ- 
ſigned to the heart auxiliary forces; and you. 
have ſhewn, that the heart is the ſole impel- 
ling power. You have alſo proved, by an. 
ingenious contrivance, that the changes. of 
the colour of the. blood, from yellow to 
reddiſh, and then to red, are mere :Hlafive ap- 

earances. Haller warmly conteſted this point, 
but your mode of proceeding, I think, car- 
ries conviction. The vaſcular membrane, ſepa- 
rated from the yolk of the egg, and obſerved 
upon a plate 8 glaſs, exhibits red veſſels on 
the firſt days of incubation. Vou almoſt ever 
where deſtroy error, and eſtabliſh truth. I 
moſt ſincerely bid you farewell. You ſay 
nothing of the fecundation of plants: 1 
have not been able to repeat your experi- 
ments this year. | 
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Genthod, January 13, 1787. 


PERCEIVE by your intereſting reply, 
I my dear and celebrated friend, that our 
opinions on ſeveral points coincide; this co- 
incidence affords me the greater pleaſure, be- 
cauſe it ſhews, that I have reaſoned juſtly on 
ſeveral of your experiments. But ſuch a co- 
incidence is no new thing between you and 
me, for how often have we converged in like 
manner on ſeveral topics of Natural Hiſtory ? 
It may be ſaid, that my foul ſometimes 7 — 
into your brain, and your's into mine. I owe 
you many acknowledgments for having in- 
terrupted the compoſition of your work on 
the generation of plants, 1n order to write that 
long and excellent letter, which you call 
upon me to anſwer. I am ſurpriſed that you 
have been able to do it in two days. I am 
not ſo happy as you in this reſpect, being able 
to allot a 7 hours only in a day to com- 
poſi tion; ſo that when I write letters of eigh- 
teen or twenty pages, you maybe ſure that 
they have taken up at leaſt twelve days. I 
muſt therefore now, in my turn, ſuſpend my 
own labours, for the ſake of anſwering the 
principal paſſages of Jour letter of the 12th of 
December. I ſhall follow the order of your 
numbers, or rather of my own in my laſt letter, 
which you yourſelf followed, and to which 
you replied. | 
VOL-IE 5 1.1 
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226 t T nn. 
I. I doubted not but the experiments which 


I propoſed to you, in order to detect the germ 


in the ovarium before fecundation, would 
likewiſe ſuggeſt themſelves to your confi- 


deration (2). You ſeem not to expect much 


(a) In order to elucidate this paragraph, I ſhall tran- 
ſcribe the paſſage of my letter to which it refers. Mr. 
Bonnet, in his firſt letter, obſerved, that ſearching for the 
embryo in the ovaria of quadrupeds and birds, before the 
aceeſs of the male, would certainly iluftrate Natural Hiſ- 
tory : He was of opinion, that 1 might make ſome ad- 


vances in this dark enquiry. I reply, That the idea of 


turning my attention towards the ovaria of quadrupeds 
and birds, had often ariſen in my mind; but that I had 
never enjoyed ſufficient leiſure to put it in practice. The 
urgency with which you recommend thoſe reſearches, is 
2 powerful incentive to me to attempt them, -and perhaps 
I may do this ere long; but I confeſs that my expecta- 
tions are not very ſanguine. I fear, left the extreme mi- 
nuteneſs and tranſparency of the germ ſhould prevent me 
from diſcerning it. It is, however, better to undertake 
unpromiling experiments on a ſubject ſo intereſting, than 
to leave them unattempted. 8 1 
% Having lately had occaſion to read ſome of Reaumur's 
memoirs on inſects, I met with an obfervation of an Italian 
Naturatiſt, very analogous to mine, upon the pre-exiſtence 
of the fetuſes of the frog and tend. It is in Vol. III. P. x. 


Mem. 7. Reaumur, ſpeaking of the grub of the little 


beetle (carabæus) of the lily, after the fine diſſertation of 
Patarol, fays, * Mr. Patarol thinks, that the grubs cannot 
be ſaid to come from the eggs, but that every egg appears 
to be changed into a grub. The reaſon that induced him 
to propoſe fo lingular a notion, was, becauſe he could not 
find, with whatever care he examined, any empty ſhell.“ 


Obſerve, I beg of you, the concluſ on of the French Fliny; 


he appears deſirous of repeating the obſervation, though 


other occupations prevented him, it would ſeem, from ex- 
ecuting his intention. I am reſolved to repeat it next 


fpring, and J think Reaumur did not ſet a ſufficient value 
upon it.“ | 


from 
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from them: you preſume that the extreme 
minuteneſs, as well as the tranſparency of the 
erm, would conceal it from all your re- 
E Lou do not however deſpair; and 
ou give me room to ſuppoſe, that my ex- 
Bert contribute to encourage you: but 
the great ſucceſs which has crowned your 
reſearches on other occaſions, might ſerve to 
perſuade you much more powerfully, that yoh 
will not labour on the preſent in vain. 
lucky accident, ſome unexpected and unfore- 
ſeen circumſtance, may afford you the greateſt 
aſſiſtance. You will create ſuch fortunate 
occurrences as do not happen in the ordinar 
courſe of Nature, and as will ſurprize you wit 
a full view of that which Nature concealed 
from Malpighi and Haller. It ſeems to me, 
that the firſt ſtep neceſſary is to find the means 
of diminithing the —_ arency of the germ 
without altering its {ſtructure ; for in my opi- 
nion this, rather than its extreme minuteneſs, 
keeps it concealed from the moſt piercing 
looks of the obſerver. A drop of vinegar, or 
ſpirit of nitre, poured on the cicatricula of the 
egg, by a little condenſing the moiſture 
which dilutes the ſolids of the germ, may 
perhaps render them perceptible. You might 
alſo try other liquors. Two other means 
ſuggeſt themſelves to my mind : The firſt 
conſiſts in endeavouring to ſpread a liquor 
coloured by ſome vegetable tincture over the 
yolk : hov: do we know but the veſſels of the 
yolk would abſorb this tincture, and carry it 
to the germ? Should 1t only colour the con- 
tiguous parts, it would at leaſt ſhew its place 
or point. The action of the veſſels ſhould be 
aided by a gentle 1 The ingenious yon: 
2 ceſs 
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ceſs employed by Mr. Bens, to ſhew the 
t 


Prince Royal of Pruflia, the ſucceſſive pro- 
greſs of the chicken in the egg, would not 
be unſerviceable to you in your attempts. 
Again, who knows but a certain degree of 
heat would contribute to render the germ 
apparent, by coagulating its lymph? To ſub- 
5 the ſemen of the cock, or any other 
ird, would be another means of attaining 
the ſame end. As the ſemen is, beyond con- 
troverſy, the liquor which has the greateſt 
influence upon the germ, it ſeems to be beſt 
adapted to produce ſome ſudden change, ſuch 
as might render it acceſſible to the microſcope, 
It would be, at the ſame time, an attempt 
to produce the artificial impregnation of the 
germ in the egg. Mr. Beguelin's apparatus 
would be very convenient for this purpoſe. 
Should a drop of feed render the embryo im- 
mediately perceptible, it could not be ob- 
jected that the ſeed had conveyed it into the 
cicatricula, as it has been ſuppoſed that the 
Farina fecundans docs the plant into the grain; 
for Haller's obſervation, as well as your diſ- 
covery of the exiſtence of the tadpole before 
fecundation, would deſtroy the objection. 
Laſtly, it would be proper to try to obſerve 
the cicatricula of unimpregnated eggs in the 
ſolar microſcope, which enlarges objects 
which are in ſome meaſure tranfparent more 
than any other. Need I add, that you will 
not be ſeeking for ſomething which does not 
exiſt; fince you have the ſtrongeſt reaſons to 
fuppoſe, that the germ does really exiſt in 
the cicatricula. 5 2 
Curious experiments have ſhewn, that the 
perſpiration of the egg, notwithſtanding its 
pw — i cruſta- 
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cruſtaceous cover} is conſiderable. Various 
internal changes proceed from this. You will 
therefore obſerve the cicatricula in unimpreg- 
nated eggs kept for a longer or ſhorter time, 
Perhaps drying the cicatricula a little upon 
a plate of glaſs, before it is obſerved by 
the microſcope, may be of uſe, The ap- 
proximation of the elements of the ſolids, 
may ſomewhat leſſen the tranſparency of 
the germ. | 

It will be proper, my dear Malpighi, to ob- 
ſerve the — 5 ſuppoſed eggs of the beetle of 
the lily. The paſſage you have quoted fro my 
illuſtrious maſter ſhews clearly, that heffaw 
the neceſſity of repeating Patarol's 'obſerva- 
tion. It is to be regretted that he did not 


do it, or at leaſt inform us that he had; but 


we may reaſonably doubt, whether this illuſ- 
trious Naturaliſt 1mputed to this obſervation 
the fame degree of importance as you and J. 
He had not meditated 8 

tion, and particularly upon the intereſting 
queſtion of the pre-exiſtence of the germ, 
You may eaſily ſuppoſe, that I ſhall not be 
much ſurpriſed if you ſhould one day inform 
me, that the ſuppoſed eggs of this beautiful 
little inſect are not really eggs, but the grub 
diſguiſed under the appearance of an egg. If 
ſo, theſe imaginary eggs would agree with 
thoſe of frogs, and we ſhould have a new 
proof of the pre-exiſtence in queſtion, ' You 
are acquainted with the eggs of the queen 
bee; I have ſome ſuſpicion, that they are not 
real eggs, but the maggot itſelf, in a ſhape 
little different from that which it aſſumes 
after fecundation. But the vivaporous flies, 
of which Reaumur has written the curious 
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hiſtory in Vol. IV. will ſurely afford new 
proofs of the pre- exiſtence of the embryo in 


the female. The ſpiral matrix, deſcribed by 
the author, is a beautiful organ; the different 
convolutions he informs us, conſiſt of more 
than 20,000 maggots, arranged lengthways 


by the ſide of each other. 


XIII. I am obliged to Meſſrs. de Reaumur 
and Nollet, for thoſe little breeches of waxed 


taffety, which they contrived for the male of 
a certain ſpecies of the frog, in order to diſ- 


cover the manner in which he impregnates 
the female, and I am not leſs obliged to you 
for the repetition of this ingenious experi- 
ment. The male, which you cloathed with 
ſuch breeches, did not accompliſh the im- 


pregnation of the female, becauſe the ſemen. 


was intercepted. Since this liquor impreg- 
nated artificially the tadpoles to which you 
applied it, there can be no doubt but that it 
was real ſemen. EF „5 

XXVI. You are then of opinion, that the 


ſuſpicion I intimated in this article is not 
without foundation. I learn from this para- 


graph of your letter a new truth, “that in 
the TREE-FROG, the tad-poles are ſome- 
times found fecundated, though they remain 


as yet in the rectum ; whether this happens 


in conſequence of the ſemen inſinuating it- 
ſelf into the orifice of that gut, or becauſe 
the tadpoles, ſcarce out of the rectum, and 


already moiſtened by the ſemen, are perhaps 


drawn into it by the motions of the female at 
the inſtant ſhe is ſurprized by the obſerver.” 
Both theſe explanations appear much more 


LXXV, 


probable than mine. 


V 


TTT „ q 
LXXV, LXXVI. I am always a. great =— 


gainer, when, according to your wiſhes, I 
oint out to you new experiments to make. 
You have then made upon the fecundated + 
eggs of fiſhes that which I indicated, (Art. | 
418. Corps organ.): in order to aſcertain, 
whether theſe eggs might be kept in the dry, 
like thoſe of the tufted polypus; and you 
have found, that they do not poſſeſs this pri- 
vilege, Vaur various ways of proceeding, 
permit me not to doubt of the truth of the 
reſult. You have carried this experiment * 
ſtill farther to the fecundated embryos of | 
frogs and toads, and you have found, that 
they do not, any more than the eggs of fiſhes, 
oſſeſs the property of keeping in the dry. 
My hypotheſis then, with reſpect to the re- 
copling of dried ponds, is inſupportable: 
bat may not this privilege, which hath been 
refuſed to the eggs of ſhes, have been ac- 
corded to fiſhes themſelves in the ſtate of in- 
fancy, or at ſome other period of their life. 
I am very deſirous of knowing the conjecture. 
you ſubſtitute inſtead of mine, and which 
you intend to explain in your work, Reading 
this paſlage over again, I perceive a circum- 
{tance that had eſcaped me; you ſay, ** that. 
you left your fiſhes eggs to dry in the ſhade, 
ſometimes on the mud, where you found them, 
and ſometimes in veſlels.” But may not the 
fecundated eggs of fiſhes require, like the 
Rotifer, to be covered with ſand, in order to be 
preſerved in the dry? I can ſcarce ſuppoſe, that 
you neglected coyering them with — mud on 
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\ which they were laid by the female, well 
8 know- 
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knowing, that in your experiments you ne- 
glect nothing (a)... + 3 vs 
LXXX. Your account of the ſingular man- 

ner in which the male newt impregnates the 
female has afforded me great pleaſure; the 
whole was entirely new to me. The newt 
is then very chaſte in his amours ; no true 
copulation takes place between the two indivi- 
duals ; only a few careſſes on the part of the 
male, which prepare the female for fecunda- 
tion. The male darts his ſemen into the 
water; it forms a little whitiſh cloud, which 
ſurrounds the open and ſwoln anus of the fe- 
male, and ſhe is fecundated. What pity, 
that the poets were unacquainted with the 
chaſte amours of this animal—their fictions 
would have derived great advantage from the 
hiſtory. That of Zephyr and Flora bears a 
{trong analogy to the fecundation of the palm; 
in the animal kingdom, I know nothing 
which reſembles it more than the impregna- 
tion of the newt. That of marine plants 
approaches ſtill nearer, the male does not. 
emit a fine powder, but a liquor, which, in 
like manner, forms a little cloud in the 
Op PR eo py oor go owns ry 
Your citation of Bomare's Dictionary, has 
induced me to read the article Nerot, which 
I had never before conſulted. Mr. Demours, 
IT ſee, ſeems to have made the ſame obferva- 


(a) Mr. Bonnet's opinion of me is too favourable ; 
for in truth J was not aware of this precaution. But 
were it employed, I do not think it very probable, that 
the eggs of fiſhes, and the fetuſes of frogs and toads could 
be preſerved. The thing is however poſſible, and the 
experiment ought to be repeated with this circumſtance, 
which I propoſe to do when I have an opportunity. 
Yb | F 2 82 5 ; FER er tions 
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tions as you, reſpecting the ſingular mode of 
impregnation in this animal. But naturaliſts 
will rely more upon you, and it required to 
be verified by an obſerver of your eminence. 
Du Fay's remark alſo concerning the pre- 
ſence of the gills, when newts are young, 
and their n totally afterwards, 
drew my attention. I had obſerved the ſame 
thing with ſurprize, but never mentioned it, 
for J was deſirous of obſerving it again, but 
never did. - Theſe gills are a great ornament. 
to the young newt. Du Fay was aware of 
the organization of the epidermis, mentioned 
in my firſt Memoir; and if I had been ac- 

uainted with the paſſage of this academician, 
1 would have taken notice of it. 

Since the ſemen of the male is always 
mixed. with water, I ſee the reaſon why ar- 
tificial fecundation does not ſucceed with pure 
ſemen. The obſerver muſt imitate nature and 
dilute it with water. I ſuppoſe with you, 
that the very thick feed of the newt requires 
dilution, in order to effect both natural and 
artificial fecundation. In hke manner, the 
wiſdom of Nature has found the means of 
diluting the human ſemen by the lymph, 
which ſo many veſſels pour into the teſticles 
and the ſeminal veſicles. Phyſiologiſts tell 
us wonderful things on this ſubject. 

Few ſpectacles are ſo engaging to the phi- 
loſophic . obſerver, as that preſented by the 
amours of animals, and the various means by 
which the Author of Nature has ordained 
that they .ſhould preſerye their ſpecies. 
Should ſome able phyſiologiſt ever undertake 
to compoſe a complete hiſtory of generation, 
he would undoubtedly begin by a NNE 
. oor oe fries DEE FEM e 
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of the amours of animals and plants; and if 


he ſhould be as great painter as the illuſtrious 


Buffon, he will be able to engage the under- 
ſtanding, without giving any alarm to modeſty; 
he will produce, not a phyical Venus (a), but 
a phyſical Minerva. There is room for ſup- 
poſing, that the different modes of fecunda- 
tion, obſervable in different animals, are pro- 
portional to the degree of ſenſation accorded 
to each ſpecies, or, what amounts to the 
fame thing, to their capacity for enjoyment, 
What difference in this reſpect between the 
fiſh or newt, and the ape, the ſtag, or dog; 
and in the imperial race of man, how is the 
phyſical part modified by the moral ! | 

It is certainly very remarkable, that am- 
phibious animals, ſuch as toads and the tree- 
frog, never depoſit their embryos on dry 
ground, where they mult infallibly periſh, 
and that they always take care to depoſit them 
in water, their natural element. You even give 
me to underſtand, that they do nat lay them in 
the firſt water they find, that they never make 
the diſcharge in running waters, which would 
carry the young away, and not ſupply them 


wah proper food ; but that they canſtantly 
dem 


depoſit t in ſtagnant waters, where the 
little tadpoles are not expoſed to concuſſion, 


and where they are always {ſurrounded by 


proper food. This kind of inſtinct very 
nearly imitates foreſight, and attains its end 
equally well. But ſince we cannot, in this 
caſe, admit real foreſight, which belongs ex- 
clufively to reaſon or intelligence, it remains 


(a) Venus Phyſique, the title of a book written by M. 
Maupertuis. . N | POTTY 
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to be aſcertained, how our amphibious ani- 
mals are fo unerringly determined to quit the 
ground, for the lake of laying their eggs in 
dormant waters. The female, I ſhould 
imagine, preſſed by the defire of laying, muſt 
feel a certain internal ſenſation, which ren- 
ders her abode on dry ground painful, and 
inſpires her with the defire of gaining the 


water; and fince ſtagnant waters are not ſo 


cold as running waters, this may, perhaps, 
be the reaſon why ſhe prefers the former, not 
for the ſake of her young, of which ſhe can- 
not have any knowledge, or foreſee the 
wants: for it is thus that Nature hath, on all 
occaſions, provided for the neceſſities of 
young animals; ſhe has found means to con- 
nect their wants with thoſe which the parents 
muſt feel in certain circumſtances. Your 
memory mult ſuggeſt ſo many inſtances, as 
to rende it unneceſſary for me to point them 
ont. Beſides I ſee you entirely agree with 
me, with reſpect to the foreſight and intel- 
ligence, attributed ſo gratuitouſly, and fo 
unphiloſophically to brutes. __ 
XCVII, XCVIII, XCIX. I knew not, 
that your illuſtrious compatriot Valliſneri 
had entertained the fame idea as myſelf, con- 


cerning the effect of the long continued em- 


braces of male frogs and toads. Nor did 1 
recollect that Swammerdam, on the contrary, 
had „ that ſo far from facilitating 
the pa 

rather ſerve to hinder it. I ſhould not then 
have known, which fide to have taken be- 


tween theſe two great authorities, if Nature 


herſelf had not pronounced her deciſion from 
your lips. You inform me, that the opinion 


of 


age of the eggs into the tubes, they 
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of Swammerdam, that the females are not 
embraced by the males, until the eggs have 
already traverſed the tubes, is not generally 
true; that it holds only in the 8 and 
by no means in the aquatic frog and in toads, 
but that Valliſnieri is right with reſpect to 
the green aquatic frog. In this caic then, 
no general rule can be eſtabliſhed, as you 
very properly remark, and we muſt wait till 
_ reſearches have increaſed the number of 
ACTS... 33 5 

EI. Mr. Demours had raiſed our curioſity 
to a very high pitch, by his account of the 
addreſs of the male toad in aſſiſting the fe- 
male in bringing forth. His details were ſo 
circumſtantial, that the truth of the fact ap- 
peared to be unqueſtionable, and I heſitated 
not to make uſe of it in the Contemplation. 
But it is really very ſingular, that neither 
you, my Worthy friend, nor Mr. Roeſel, 
ſhould have ſurpriſed any male toad in this 
intereſting employment. This would appear 
to weaken the credit due to the recital of the 
French obſerver, if teſtimonies ſimply nega- 
tive could impair the molt poſitive affirma- 
tion. Mr. Demours ought, as you obſerve, 
to have ſo deſcribed his toad, that we might 
have known to what ſpecies it belonged. -- 
CV, CVI. Your doubts, with reſpect to 
the manner in which the impregnation of 
ſcaly fiſh is effected, are well founded, and 
we have both reaſoned properly upon this 
ſubject, by eſtimating the authorities on either 
fide. We know at leaſt, from the experi- 
ment of Mr. Jacobi, that ſimple diſperſion in 
water is ſufficient for the impregnation of 
the eggs. Your idea of employing the 
iy DT e Wine 


E E FN 237 
Chineſe gold fiſhes to clear up the queſtion, 
to me appears excellent, and I cannot preſs 
you too Warmly to realize it. e 

You will ſee much more in a day, than all 
preceding naturaliſts have ever obſerved. 


0 


ow many intereſting queſtions, yet unde- 
termined, might be decided by the moſt 
A 


ſimple experiments? The mind has always a 
greater tendency to imagine and reaſon, than 
to obſerve and make experiments. To what 
a train of reaſoning had Digeſtion given riſe, 
before Reaumur and Spallanzani ſet this 
function in the cleareſt light by their fine 
experiments. e | 

CXXIII, CXXIV. You adopt then with me 
the Hallerian doctrine of embryos lodged in 
the ovarium, or in the upper part of the tubes 
of our amphibia, which cannot be fecundated 
artificially. But you aſſign another cauſe of 


the fact, which I ſuſpected not, but which ap- 


pear to me, not leſs than to you, to contri- 
ute to produce it; ſince the glairy matter is 
the firſt nutriment of the fecundated embryo, 


and fince this matter does not envelop thoſe 


contained in the ovarium, or the upper part 
of the tubes, it is evident, that even if the 
ſemen could impregnate them artificially, 
they would ſoon periſh for want of nouriſh- 
ment. Your experiments on this ſubject 
leave nothing to be wiſhed, ſince the em- 
bryos you have entirely ſtripped of their 
gluten could never be impregnated, while 
thoſe which were only partially deprived of 
it, were almoſt all fecundated. I know not 


vhether naturaliſts : before you, knew the 
CXXXIV. 


true uſe of this matter. 
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CXXXIV. The blood of amphibious ani- 
mals, their ſaliva, the juice extracted from 
their liver, lungs, kidneys, their urine and 
ours, are then the different liquors with 
which you have conceived the idea of mixing 
the ſemen. To theſe you have added vine- 
gar, and none of the mixtures have deprived 
the ſemen of its prolific virtue. You have 
only obferved, that when the urine and the 
vinegar were in too great abundance, fecun- 
dation did not take place; I doubted not but 
that you would think with me, that the ſe- 
men is not decompoſed by theſe mixtures, 
But they admirably prove the aſtoniſhing 
energy of this fecundating liquor. They 
may further ſerve to guide you to diſcover 
which of the animal liquors hath the oreateſt 
analogy with the ſemen : for that, which in 
equal portion ſhould leaſt impair the virtue of 
the ſemen, might juſtly be preſumed to be 
moſt analogous to it; and this would not be 
without its uſe, in inquiries into the conſtitu- 
ent parts of the ſemen. 1 

CXLIII. It affords me great pleaſure to 
find, that we have both had recourſe to the 
ſame compariſon, in order to illuſtrate the 
prolific power of ſemen incorporated in very 
mall quantity, with a very large maſs of 
water. Your example, taken from the poiſon 
of a viper, of which a very little drop often 

roves fatal to a great animal, 1s not either 
[ef appropriated or leſs inſtructive. Hence 
you have good reaſon for ſaying, that we can- 
not be ſurpriſed, that a very ſmall portion of 
ſemen ſhould be ſufficient to animate the 
heart of the embryo. 1 . 

1 he 
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The very ſudden action of certain poiſons, 
ſuch as the venom of the viper, afford room 
for preſuming, that it is chiefly the nervous 
fluid that is affected. You remember Reau- 
mur's curious experiments with American 
poiſoned arrows. A bear prieked with one 
of them died, I think, in half a minute. 

CXLIV, CXLV. In this article, you fur- 
niſh me with a detail of the manner in which 
you have proceeded in your artificial fecun- 
dations. I entirely approve of it. It is ſurel 
very ſurpriſing, that an embryo touched wah 
the point of a needle, which has been dipped 
in a mixture of three drops of ſemen, and 
eighteen ounces of water, and which takes up 
2 drop, meaſuring r=coth of a line, ſhould 
have been developed as perfectly and ſpeedily 
as other embryos which were immerſed in 
ſemen. Your reflection on this occaſion is 
very juſt; ſince fo imdll a drop of ſemen, 
mi with ſo large a quantity of water, is 
ſufficient to animate the embryo, it is very 
natural to infer, that the ſurplus furniſhed by 
the male does not concurin the operation. But 
Nature is never ſparing in what concerns the 
propagation of the ſpecies : the is determined 
not to miſs her aim, and ſhe would run the 
riſK of miſſing it by too great economy. 
She, perhaps, alſo has an eye to the pleaſure 
the male receives from fruition; for emiſſion 
is without a doubt a pleaſing ſenſation to 
him, and. this kind mother is defirous that all 
her children ſhould find enjoyment; otherwiſe 
too the male would want an incentive. 

CLII. You eaſily conceive, my dear phi- 
loſpher, all the attention I have paid to this 
| Ks ge | intereſting 
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intereſting paſſage of your letter. T imagined, 
that I beheld with you the ſmall pores in the 
cover of the embryo, contrived for the in- 
troduction of the ſemen. Your details on 
this point fully prove, that you have not 
_ ſuffered x B65 to be impoſed upon; and 
7 that theſe little mouths; of which I had 
ſuſpected the exiſtence, are certainly to be 
found: and ſince they are diſperſed over the 
whole cover, and this cover is perforated like 
a fieve, it can no longer be matter of ſur- 
priſe, that fecundation ſucceeds equally well, 
wherever the embryo is touched with the 
needle, after it has been dipped in the ſemen. 
The queſtion now 1s, whether ſuch apertures 
exiſt in the covers of the embryos of eve 
ſpecies; and how probable is this, after all 
that has been diſcovered concerning the myſ- 
tery of fecundation: I do not then doubt; 
wan! J have never doubted, that if the germ 
of the pullet, of the lamb, of the calf, were- 
as perceptible as the tadpole, you would de- 
tect abſorbent pores, ſimilar or analogous to 
thoſe in the embryo of your amphibia. 1 would 
atk, if we have not the ftrongeſt proofs that 
fecundation is effected from without, and if 


— 
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1 it be thus effected, is it not neceſſary, that 


there ſhould be little pores prepared for the 
reception of the fecundating liquor? Theſe 
abſorbent pores and their dependencies con- 
tain, without doubt, anatomical peculiarities, 
which we ſhould admire, if we were per- 
mitted to deſcend to bottom of the abyſs. 
Each pore is probably the orifice of a veſſel 

communicating with the heart, cc. 
CLVIII. I now come to the moſt curious 
and important article of your excellent let- 
EL | ter. 
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ter. I ſuſpected not, I own, that you had 
already ſucceeded in the artificial impregna- 
tion of the female of a large animal, by 
means of a ſmall ſyringe; a project I men- 
tioned in my laſt letter. This is one of the 


moſt important and intereſting diſcoveries, 


that have preſented themſelves to the no- 
tice of naturaliſts and philoſophers ſince the 
creation of the world. Your mode of pro- 


ceeding, and your ſcrupulous attention to 


eſtabliſh, in the moſt rigorous manner, the 
truth of 'this artificial impregnation, put it 
beyond all controverſy. I had no occaſion. 
for your ſecond letter of Dec. 15, to be aſ- 
ſured, that you had neglected nothing to ob- 
viate the moſt ſubtle objection. Your bitch 
was then cloſely penned up for twenty-three 
days before the operation: on the 13th ſhe 
began to be in heat; on the 23d you injected 
the ſemen, and you kept her in cloſe con- 
finement twenty-five days longer; on the 
ſixty- ſecond after the injection, ſhe brought 
forth three whelps well conditioned, very 
lively, and reſembling bpth the dam and the 
dog which had ſupplied the fecundating li- 
quor. Nothing can be more exact or better 
aſcertained; nothing can be finer or more 
original than this experiment. I congratu- 
late you ſincerely on your ſucceſs, and what 


adds greatly to 1t is, that it was obtained with 


leſs than thirteen grains of ſemen. This ex- 
periment agrees perfectly well with thoſe 
which you have executed on amphibious ani- 
mals, and we have good reaſon for inferring, 
that the doſe of ſemen which produces fe- 
cundation in large animals, is very incon- 
iderable. I even preſume, if you could ef- 

Vert: th = 5 ele | fect 
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manner in which the mule is formed. What! 
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fect the fecundation of the embryos of a 


large animal in the ovarium, oe proceſs 


J pointed out to you, you would obtain the 
fame reſults as the amphibia afforded ; and 
that a drop of ſemen 1-5oth of a line in dia- 
meter, would be ſufficient to animate the 
embryo. FELT „%%% 
You are now in poſſeſſion of a ſure and 
eaſy way of aſcertaining what ſpecies can pro- 
create together; and the experiments you 
propoſe attempting next ſpring, by putting 
your voluptuous ſpaniel in the company of 
cats and rabbits, promiſe not ſo fair as thoſe 
which you will make, by introducing the 
ſemen of this ſpaniel into the uterus of a doe- 
rabbit and a ſhe-cat, and on the other hand, 
by introducing the ſemen of the male rabbit 
and cat into the uterus of a bitch. Vou hold 
in your hand a precious clue, which will guide 
you to the moſt important and unexpected 
diſcoveries. I know not, whether what you 
have now diſcovered, may not one day be ap- 
5 in the human ſpecies to purpoſes we 
little think of, and of which the conſe- 
quences will not be trivial. You conceive 
my meaning: however that may be, I con- 
fider the myſtery of fecundation as nearly 
cleared up. What remains principally to be 
diſcovered, is the formation of the mule, 
and what occaſions the different marks of re- 
ſemblance - between children and their 2 
rents; and this brings me to your CLIXth 
article. | | 

CLIX. You do me great honour, my dear 
aſſociate, by ſuſpending your judgment be- 
tween Haller and me, with reſpect to the 


did 
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did not the authority of the great Haller, in 
your eſtimation, overbalance mine, which is 
ſo much leſs weighty? I would not have 
heſitated a ſingle moment to admit with him, 
that the ſemen acts merely as a ſimple ſtimu- 
lant, could I have accounted for the conver- 
ſion as it were of the horſe into the mule. 
His hypotheſis, from its greater ſimplicity, 
is more acceptable to the mind. But is it 
ſufficient in all caſes? In order to account 
for the formation of the great mule, is it 
enough to ſay, that the ſemen of the aſs is 
a more powerful ſtimulant than that of the 
horſe; and that hence it ſo much elongates 


the ears of the embryo contained in the ova- 


rium of the mare; for how then comes a 
art of the embryo's tail to be obliterated ? 
Vhy is its crupper ſo ſlender? and above. 
all, whence comes the larynx ſo differ- 
ent from that of the horſe, and ſo nearly re- 
ſembling that of the aſs? I cannot, I own, : 
conceive that the inſtantaneous action of a. 
drop of ſemen on the heart of the embryo 
can produce effects ſo great, ſo permanent; 
and on the other hand, I. have againſt me 
the complication of my own hypotheſis, of 
which the expoſition required a long ſeries of 
propoſitions, which make it appear {till more 
complex, and not to be comprehended, but 
by readers of great attention and much ac- 
cuſtomed to analytic deductions. Hence 
many have committed ſtrange miſtakes, with 
reſpect to my principles and their application. 
There is alſo another circumſtance, which 
ſeems to militate againſt my hypotheſis ; this 
is the very trifling portion of ſemen which 
Is ſufficient for generation; it is not eaſy to 
e R 2 COm- 
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comprehend how a drop of ſemen, ſo diſpro- 
portionate to the whole body of the embryo, 
can ſerve for its firſt aliment. But this dif- 
ficulty preſſes on Haller as much as upon me; 
for it evidently implies, that one kind of ſemen 
acts with more force than another on certain 
parts, and occaſions a more ample evolution; 
that the ſemen of the aſs, for inſtance, im- 
pels the blood with greater violence into the ar- 
teries of the ear; theſe are his own terms: 
he admitted, therefore, -that the ſemen of the 
aſs arrives at the arteries of the ears of the em- 
bryoof the horſe, how, otherwiſe, could the 
ſimple action of this ſemen, on the heart of the 
embryo, propagate its impreſſion to the ears, 
and caule ſo exceſſive an evolution of them? 
Beſides, how come the ears to be the only 
part of the head which grow to ſuch a pro- 
digious length, ſince all partake alike in the 
impulſe of the heart. Further, Haller ſpeaks 
of the power poſſeſſed by the ſemen, of oc- 
caſioning the growth of the beard, and of 
lengthening the tuſks of the elephant and the 
wild-boar : he adds, if it has this power of 
promoting a 2 8 8 growth in certain parts 
of the body which prepares it, than in * 
it may have the ſame effect on the body of the 
fetus which it animates. Would not this 
ſerve to ſhew, that our author tacitly ſup- 
poſes a diſperſion of the ſemen through t 
whole body of the embryo? I ſuppoſe: the 
ſame thing; and you have no greater diffi- 
culty than =" in conceiving the prodi- 
gious diviſion of which a drop of ſemen is 
1uſceptible. What we know of the diviſi- 
bility of matter ſmooths this difficulty. It 
is much to be regretted, that our great phy- 
| ſiologiſt 
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ſiologiſt confined himſelf to mere generalities 


on this ſubject, and that he did not apply his 


hypotheſis to the explanation of the princi- 
pal peculiarities offered by the mule. It is 
true, ſays he, my anſwer does not explain 


the mode or the mechaniſm by which the 


ſemen of the male excites the germ of the 
ear, and cauſes ſo large an evolution of it. 
But I am not obliged to explain this 


mechaniſm, provided my facts are well 


eſtabliſhed. he influence of the ſemen 
on the growth of the beard and horns is 
demonſtrated, though the manner may be 
perhaps for ever unknown. It is ſufficient 
to ſhew, that there is a certain power in the 
ſemen of the male, which determines the 
growth of the fetus, ſo that certain parts 
come to be more developed : It would not be 
more juſt to demand an explication of the 
mechaniſm by which this is brought about, 
than the reaſon, why the abſorption of the 
ſemen of the male produces the growth of 
the heart“! 9 x | 

I ſhould have eſcaped much labour, if in 
imtation of my illuſtrious friend, I had con- 
tented myſelf with repeating, that the ſemen 
of the male has a certain power to cauſe a 


greater developement of certain parts. But 


ſo vague an explanation not ſatisfying me, I 


have endeavoured to analyſe facts, and from 


this analyſis I have ſought a ſolution, which 


might be applicable to the moſt effential 


pectin of theſe facts. In a word, I 
1ave ſuppoſed that the ſtrong traces of re- 
ſemblance between the mule and aſs, implied 
in the ſemen of the latter, ſomething more 
than a fimple ſtimulating power: am I de, 
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ceived, think you, in this concluſion, and 


are 8 inclined to believe, that a ſimple ſti- 


mulating power is ſufficient for the whole? 
I cannot yet preſume ſo much, but it is very 
poſſible, that a more ſatisfactory hypotheſis 
than mine may be imagined, and 1 will be 
the irſt to adoj 1 it. . "ij * | 
_ CLEXVII. You have done every thing you 
poſſibly could, in order to detect the real 
nature of the ſemen of your amphibious ani- 
mals. It is not then either viſcous or in- 
flammable; acid or alkaline; and yet how 
wonderful is its energy! It evaporates like 
water, and it is very well worth remarking, 
that its moſt volatile part is preciſely that 
which is unfit for fecundation. This part, 
in all appearance, is only lymph, or rather 
ſimple ſerum, appointed to prevent the too 
great viſcidity of the fecundating part. It 
would be an intereſting employment to carry 
on theſe reſcarches to the ſemen of large ani- 


mals: they have not been puſhed ſo far as 


they ought. Nor would it be leſs intereſting 
to know, whether the ſemen of large ani- 
mals incorporated like that of your amphibia, 
with a great quantity of water or other li- 
quors, would in like manner preſerve its 
energy. The happy experiment made on 
your bitch, points out the path that ſhould 
be followed in order to aſcertain this point. 
The ſeed has been conſtituted in a ſecret 
relation to the nature of the power which 
cauſes irritability, fince it 1s deftined to 
increaſe the operation of this power; but 
we have not yet ſufficient knowledge of the 
nature of irritability. I would not, how- 
ever, venture to affirm, that there does _ 
G = 
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exiſt in nature ſome other liquor beſides ſe- 
men, capable of cauſing the evolution of the 

erm. Who knows, if the powder of the 

amina of certain plants, may not make ſome 
impreſſion on certain germs belonging to the 
animal kingdom? This is, if you pleaſe, a 
ſilly idea, but I lay before you every thing 
which paſſes through my brain. could 
wiſh, that the powder of the ſtamina of the 
barberry might be tried, in which their fetid 
and penetrating ſmell ſeems to announce 
great energy. Animals and vegetables com- 
poſe but one family, and their analogies are 
very numerous. Inverted experiments of 
this nature ought to be attempted, for it is 
only by infinitely multiplying the combina- 
tions of beings that our knowledge increaſes. 
am always a little miſtruſtful of our general 
concluſions, however apparently well found- 
ed, becauſe our premiſes are always more or 
leſs particular. 

Thus, my dear friend, I have gone over 
all the paragraphs of your excellent letter; 
and I with my reflections may afford you ſa- 
tis faction. e 

I began this long letter the 9th of De- 
cember, and it has employed me till this day, 
the 1oth of January. If you ſend me any ac- 
count of your new experiments on the gene- 
ration of plants, I ſhall be able to make uſe 
of it at the end of Part the Xth, provided it 
does not come too late. 

My wife was very ſenſible to the politeneſs 
of your obliging recollection of her. She 
deſires me to preſent her compliments and 
congratulation on the ſucceſs of your in- 
quiries, Her health 2 rather better this win- 
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ter than it was the laſt; but returns of the 
cholic, from time to time; make her ſuffer 
JJ... HOLA T7721 
You and 'the univerſity have loſt a great 
protector: but I am ceftain, that her ſuc- 
cCeſſor will patronize the arts and ſciences. 
The Guardian Angel of Auſtrian Lombardy, 
Count Firmian, has ſuſtained a great loſs, 
and his feeling heart will be deeply ſenſible 
of it. Preſent to that Sage freſh aſſurances 
of my reſpect and unfeigned wiſhes for his 
welfare. Accept yourſelf the vows which 
Jam inceſſantly offering for you, my dear 
and celebrated friend, and entertain as much 
eſteem for me as I feel for you. 


The Contemplator of Nature, 
3 3 ACRE EIT TIE: $ 
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GENERATION OF THE PLANTS, DENO- 

 MINATED BY LINNZAZUS SPARTIUM 
JUNCEUM, VICIA FABA, PISUM SATI- 
VUM, DOLICHOS UNGUICULATUS.. 


1. HOEVER is acquainted with Natu- 
wW ral Hiſtory cannot be 1gnorant, that 
the three principal ſyſtems reſpecting the 
generation of animals, the ſyitem of the 
ovariſts, that of the vermiculiſis, and that 
founded upon the #290 liguors, have been 
transferred, with the neceſſary modifications, 
to plants. Some think, that the embryos 
pre-exiſt in the ovarium, others that they 
are tranſported thither in the impregnating 
powder, and others believe, that they are 
generated in the ovarium, by the combina- 
tion 


2% DISSERTATION m. 
tion of two fecundating principles, the one 
furniſhed by the piſtil, the other by the ſta- 


My chief 2 being to inveſtigate the 


; generation of certain plants, I conceive there 
i: i can be no better way to arrive at truth, than 
1 N to fix my attention chiefly upon the ovarium. 
: That I might have the greater chance of ſur- 
priſing Nature in her operations, I deter- 
mined: to examine this organ at three dif- 
ferent periods; before fecundation, at the 
time it takes place, and after it has been ef- 
fected; or, what amounts to the ſame thing, 
1 after the aſperſion of the pollen. I was 
therefore obliged to examine the flowers 
while they were yet cloſed, when they were 
in full bloflom, Co that is the ſeaſon of im- 
regnation, and after the petals had dropped. 
begin with the ſpecies denominated by Lin- 
næus and others, Spartium Ffunceum, Ruſhy- 

twigged broom. „ q 5 
II. From the nature of this plant, as well as 
of others without number, the flowers of the 
ſame branch are not all equally forward, ſome 
being in the ſtate of a ſmall bud, —theſe are 
-fituated higheſt on the branch; others already 
blown, or about to blow,—theſe occupy an 
intermediate ſituation; and others again fallen 
or falling, —theſe grow on the loweſt part. 
The ſame branch therefore furniſhed matter 
for various obſervations. The ſmalleſt buds 
were firſt to be examined. They are per- 
fectly compact, and form a ſolid body, ſcarce 
a line in length. If they be dexterouſly 
opened with fine inſtruments, the petals may 
be diſentangled and brought into view. 
They are of a light green, without any tinge 
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of yellow, which is the colour of the ripe 

flowers. When the petals are removed, the 
ſtamina and piſtil, the organs of generation, 
come into view. The powder of the an- 
therz may be perceived; it is far from being 
ripe, as is evident, not only from the ex- 
treme minuteneſs of the granules of which 
it is compoſed, but from its want of vola- 
tility, a property it eminently pots when 
mature. It is now fixed to the antheræ by 
means of a viſcid matter. The piſtil, extremely 

tender, ariſes from the middle of the flowers. 
If its baſe be freed from the ſurrounding 
teguments, and attentively examined with a 
glaſs, the pod may be ſeen formed about of 
a line-in length. If the pod be examined 
externally, ſeveral tumours may be ſeen along 
the ſides, which, when obſerved againſt the 
light, are found to be produced by granules 
lodged within the pod, or, as I ſhall call it, 
the ovarium. Upon opening the ovarium 
longitudinally, theſe granules are found to 
be feeds, of very ſmall fize and round ſhape; 
they are diſtributed in their natural order, in 
ſo many depreſſions or ſockets, and attached 
by filaments (appiccature) to the infide of 
the ovarium, juſt as the ripe ſeeds are in the 
ripe and dry pods of the plant. Theſe ſeeds 
are not found, upon diſſection, to conſiſt of 
an external cover, and a nucleus compoſed 
of two lobes, with a germ or plantule, as in 
their mature ſtate; but they exhibit an ap- 
parently homogeneous ſubſtance, ſpongy, 
and like a tender jelly. From the reaſonable 
ſuppoſition whack I formed, that theſe are 
the ſeeds, it follows, that they exiſt in the 
ovaria at leaſt twenty days before the flower 
15 | _ 
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is in full bloom, or in other words, before 


fecundation. Flowers at leaſt of equal ſize 
of another branch, growing from the green 
ſtem of the fame plant, were not full-blown 
before the twenty- fifth day⸗x. 95 
III. The diſſection of — buds, larger 
by about one-half than the preceding, pre- 
ſented the following phænomena. The 


petals, which were beginning to aſſume a 


yellowiſh hue, were not now fo cloſe and 


compact; and the fecundating powder ſtill 


adhered to the ſummits. The ſtamina were 


become longer and thicker, as alſo was the 


piſtil. The ovarium was not ſo ſmall, and 


the ſeeds had grown in proportion; their ſub- 


ftance was not ſo gelatinous, though it con- 
tinued {till homogeneous and ſpungy. 


In flowers a little further advanced, the 


only difference conſiſted in an increaſed 
fize of the petals, ſtamina, piſtil, and ſeeds. 
Nor was there any eſſential change when the 


petals were expanded, and the powder of the 


ina, being now mature, might be ſhaken 


from the antheræ by the ſlighteſt agitation, 


and diffuſed itſelf in a cloud through the air. 


In the feeds I could not at this period diſco- 


ver either lobes or plantule, but they were of a 
greeniſh colour and uniform ſubſtance, which 
was ſpungy and full of moiſture. Yet I could 
diſtinguiſh the lobes and plantule in the ripe 
ſeeds contained in thoſe pads, which had ac- 
wired a black colour, and were grown dry. 
t was therefore neceflary to infer, that the 
two lobes and the plantule are either gene- 
rated, or rendered viſible during the ripening 
of the feeds. Hence, in order to diſcover the 
generation or the appearance of theſe parts, I 
was 
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was obliged to continue my obſervations till 
J had gained ſome ſatisfaction upon this 
curious and intereſting point. Sabha 

I began with the ovaria or pods, from 
which the flowers had fallen ſome time. In 
ten days afterwards there was no difference. 
On the eleventh ſome new appearances began 
to take place in the ſeeds. They were no. 
longer round, but reſembled an heart, of 
which the baſis was attached to the pod by 
an appendix, and towards the apex, when 
gene, compreſſed, there appeared a whitiſh 
point in motion. When the heart was cut 
open longitudinally and the inſide inſpected, 
this white point proved to be a ſmall cavity, 
incloſing a drop of liquor, which had been 
made to move by the preſſure of the fingers. 

Twenty-one days after the pods were 
{tripped of their flowers, the cavity, which at 
firſt appeared at the apex, was enlarged, and 
extended much farther towards the baſe; it 
was full of a tranſparent liquor, with which 
the ſpungy ſubſtance of the ſeeds was alſo 
moiſt. On the twenty-fifth day the cavity 
was more enlarged, and {til full of liquor; it 
moreover contained a very ſmall ſemi-tranſ- 
parent body, of a yellowiſh colour, gelatinous, 
and fixed by its two oppoſite ends to the ſides 
of the cavity. 

In a month the ſeed was much enlarged, and 
its ſhape is changed from a heart to a kidney; 
the little body contained in the cavity is in- 
creaſed in bulk, is become leſs tranſparent 
and gelatinous, but there appears no ſign of 
organization. | 1 
On the fortieth day the cavity, now grown 
larger, is quite filled with the body, Which 
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deſerves to be more particularly examined. 
It is ſurrounded by a thin membrane, ſome- 
what viſcid and tender; after this membrane. 


is removed, the body appears bare, and without 


any other teguments; it is of a bright green 
colour, and may eaſily be divided by the point 


of a needle into two portions, in which are 


manifeſtly. recognized the two lobes; within 
theſe we may eaſily perceive the plantule ex- 
ceedingly ſmall, and attached to the lower 
art. The lobes, together with the mem- 
rane, are afterwards defended by a huſk or 
ſkin, which forms the outſide of the ſeed. 

The reader will eaſily gueſs what after- 
wards happened to the pods as they grew 


riper. The lobes and the plantule were only 


more-and more developed, and by degrees 
acquired greater firmneſs. And in this man- 
ner did the ſeeds of the broom arrive at 
maturity. | 5 5 
V. The foregoing obſervations ſhew, 1. 


That the ſeeds of this ſpecies exiſt. in the 


ovarium many days before fecundation. 2: 
That they remain for ſame time ſolid, and 
then a cavity, containing a liquid, is formed 
in them. 3. That after fecundation a body 
begins to appear within the cavity, fixed by 
two points to the ſides; and when in proceſs 
of time it has attained a larger ſize, it proves 
to be the two lobes incloſing the plantule. 
4. That the ripe ſeed conſiſts of two lobes 


adhering to the plantule, and ſurrounded by 
a thin membrane, which is itſelf covered wi 


2 huſk or cuticle. _ - Se : 
Theſe deductions illuſtrate the generation 
of the plant in queſtion. We learn, that the 
embryos do not appear till after the falling 


ä of 
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of the flowers, and conſequently not till after 


fecundation, though the ſeeds, or, to ſpeak 


more properly, the integuments of the ſeeds 
may be ſeen long before. 1 So 

VI. Having analyſed the fructification of 
this ſpecies of broom, I proceeded to that of 
the common bean, Vicia Faba. I began with 
thoſe which had the ſmalleſt bloſſoms. They 
appear externally of a green colour, and like- 


wiſe internally, if the tender petals be un- 


ravelled ; here and there, indeed, the green 
approaches to a white. The ſtamina are vi- 
ſible; the anthere, inſtead of pollen, exhibi 
a viſcid gelatinous ſubſtance. The piſtil 
is of a white and green colour; towards the 
apex it is villous, and within the baſe or ova- 
rium, if it be N wn againſt the light, 
may be perceived the ſeeds. It may be re- 
marked, that the ovarium of the bean more 
eaſily ſplits into two than that of the broom, 
and that the ſeeds of the former plant are in 
like circumſtances larger than thoſe of the 
latter. The ſeeds of the bean are roundiſh, 
but on one fide there is an hooked and ſharp 
beak, They are ſemi-tranſparent, gelati- 
nous, and when opened, are found to be ſolid 
and without a cavity. _ * 
If bloſſoms not quite ſo ſmall be examined, 
the powder of the ſtamina is perceptible; it 
is found to be imbedded in a glutinous ſub- 
ſtance. The ovarium having now attained a 
larger fize, contains ſeeds proportionally in- 
_ creaſed in ſize; they are neither ſo gelatinous 
nor ſo tranſparent, but they contain no cavity. 
Other ſeeds further advanced, and belonging 
to bloſſoms about to open, or already ex- 
panded, are in the ſame ftate.. 


The 
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The cavity is not viſible till the zd or 4th 
day after the falling of the flowers ; it is then 
found to be full of a tranſparent liquor. The 
ſeeds and the cavity increaſe together, and 
fifteen or twenty days after the fall of the 
petals, the cavity contains a body, which, 
when magnified, ſeems to be ſplit into two, 
though the obſerver cannot be certain of this 
till afterwards; when if he opens ſeeds nearer 
maturity, he will find them to divide very 
eaſily into two portions. Theſe portions are 
manifeſtly the two lobes, within which is 
contained the tender naſcent plantule. If 
the lobes and the plantule be treated with 
extreme care, a mucous filament is found at- 
tached to the plantule, which, after paſſing 
between the lobes, is implanted in the ſub- 
ſtance of the little ſeeds. The lobes and the 
plantule are merely developed in proceſs. of 
time. They are covered, as in the above- 
mentioned broom, with the integuments of 
A: SOT ' 
VII. I ſhall relate at once my obſervations 
upon peaſe and &4:4ney-beans, the appearances 
they offered being perfectly abit „ 
ſeeds are found in the ovarium full formed, 
when the flowers are little advanced, and 
when the buds are yet ſcarce viſible. The 
ſeeds now ſeem to conſiſt of an homogenous 
fubſtance, and are without any internal cavity. 
The ſame may be ſaid of them when they 
are become many times larger, and when the 
powder of the antheræ is ripe. The cavity 
begins to be vifible ſome days after the 
withering of the flowers, and in ten or 
twelve days more it is enlarged, and a white 
mucilaginous point connected by a ſlender 
. | flament 
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flament with the ſeeds may be perceived in 


it, This point is the rudiment of the lobes, _ 


between which the plantule may be diſtin- 
guithed by the aid of the microſcope. What 
follows may eafily be imagined : the lobes 
and plantule increaſe in fize, and their in- 


creaſe implies the growth of the ſeeds which 


contain the lobes. 


If we compare theſe obſervations upon 


kidney-beans and peaſe with the foregoing 
upon broom and beans, we ſhall find, that 
they all contribute to prove that the ſeeds, 
or their integuments, exiſt before fecunda- 
tion, but that the plantule and the lobes can- 
not be ſeen till afterwards, '  _ 
It would therefore appear, that theſe reſults 
do not agree with my obſervations on amphi- 
bious animals; for in them I found the 
fetuſes before impregnation. ' But are we 
immediately to conclude, thatin the proceſs of 
generation Nature follows two different me- 


thods in plants and in animals? The prin- 
ciples of ſound reaſoning do not permit me to 


make fo haſty a declaration; they require, 
that I ſhould carry further my reſearches on 
plants. Theſe reſearches I undertook, and a 
relation of part of them ſhall be the ſubject 
of the following chapter. 
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GENERATION OF, THE PLANTS DENOM IZ 


NATED BY LINNZUS, RAPHANUS SATI- 
Vs, CICER ARIETINUM, IXIA CHINEN=- 
SIS, DELPHINIUM CONSOLIDA, CUCURBI- 
TA PEPO, CUCUMIS SATIVUS. EXAMI- 
NATION OF THE POWDER OF THE STA 
W 1 


VIII. D Abbanus ſativuc, common NRadiſb. 
f R The ſeeds are viſible in the ovarium 
long before the powder of the antheræ is 
ripe. They are ſolid, and continue ſo till 
twelve or fifteen days after the falling of 
the flowers: the uſual cavity then appears, of 
ſmall dimenſions at firſt, and full of liquor, 
but ſucceſſively enlarging, inſomuch that 
about the 2oth day, it occupies almoſt all the 
inſide of the ſeeds; In three or four days 
more; the lobes are ſeen ſurrounded as uſual 
by a tranſparent liquor; and we may ſoon 
atterwards perceive between them a mueilagi- 
nous filament, attached by one end to the 
plantule, and by the other to the internal 
cavity of the ſeeds. When the ſeeds are 
nearly ripe, the two lobes are conſiderably in- 
creaſed; they reſemble a pear with its ſtalk 
the ſtalk is implanted into the concave ſur- 
face of the ſeeds. If the lobes be taken out 
and carefully examined, the ſtalk appears to 
be part of the plantule; and inſtead of two 
lobes, the number obſerved in the plants be- 
fore mentioned, there are four; the two 
ſmaller 
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ſmaller are implanted in the two greater; 
they are all united, and ſo attached to the 


plantule, as with it ts form one body. 


IX. Cicer arietinum, Chick-pea. The 
piſtil in this plant repreſents in miniature a 
gourd, of which the belly is the baſe of the 
piſtil, or, as I call it, the ovarium. If this be 


opened longitudinally twelve or fifteen days 


before fecundation, two pointed ſeeds, ſolid 
and of a green colour, come into view. As 
the parts of fructification ripen, the ovarium 
ſwells and takes the form of a purſe, to which 


the ſeeds are attached. About four or five 


days after fecundation, the cavity begins to 
form, and on one ſide of it may be perceived 
two very minute lobes; if they be carefully 
opened, the plantule is ſeen attached to the 
ſeeds by a mucilaginous filament. Nothing 


further takes place except a progreſſive evo- 
Tution. 5 4 


X. Tria chinenſis. Having opened longi- 


tudinally the ovarium of one of the ſmalleſt 


buds, which is oblong and prominent at the 
centre, we find the pyriform ſeeds diſpoſed 
in their natural order, and perfectly ſolid 
within. The ſame thing may be obſerved 
when the petals are opened, nay, after they 


are fallen, and ſtill nine or ten days more 


elapſe before the cavity begins to open. This 
plant is diſtinguiſhed by a peculiarity which 
muſt not be omitted. At firſt the cavity is 
full of a tranſparent liquor, which in time 
thickens, and at length is converted into a 
white gelatinous matter, not unlike coagulated 
milk. The conſiſtence becomes gradually 
firmer, and before the ſeeds are ripe, re- 
ſiſtance is felt on attempting to cut it with a 

=D 2 knife. 
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knife. This ſubſtance, thus hardened, oc- 


cupies the whole cavity of the ſeeds, nor can 


there be perceived the ſmalleſt veſtige of the 


lobes. My obſervations were made 


ſeeds not yet arrived at perfect maturity, 
I could not continue them for want of riper 
feeds. Are we to ſuppoſe that the ſubſtance, 
which is at firſt h 11 then gains ſome con- 
fiſtence, and at laſt becomes hard, performs 
the office of lobes, ſo that they are produced 
in this inſtance in an unuſual manner; or is 
it more probable, that the lobes appear later 
than in other ſeeds? The phænomena of 
another plant, of which I am now to ſpeak, 
incline me rather to the latter opinion. 
XI. Delphinum confolida, Larkſpur, ſub- 
divided larkſpur. The appearances noticed 
during the growth of the ſeeds of the Ixia, 
recurred on the preſent occafion. The cavity, 
which .is uſually formed after the falling of 
The petals, is ſoon filled with liquor, at firſt 
tranſparent, then whitiſh, and afterwards of 
the colour and confiſtence of milk. Tf the 
ſeeds be now boiled for a ſhort time, the 
milky liquor is changed into a matter like 
pomatum. There appears, upon examination, 
no ſign of organization. When the ſeeds 
are nearly ripe, the conſiſtence of the white 
liquor is increaſed, and when they are arrived 
at maturity, its hardneſs is confiderable. 
The plantule and the lobes may now be dil- 
tinguiſhed, but they are ſo buried in the 
midft of this indurated matter, that it is dif- 


ficult at firſt to diſtinguifh them certainly, 


as well on account of their minuteneſs as 
their white colour. This obſervation, which 
agrees 10 nearly with the preceding, leads 


: FS 
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to ſuſpect, that the milky liquor of the Juvia, 
which is firſt coagulated and then hardened, 
does not coſtitute the lobes, but only encloſes 
and canceals them. They are inviſible, either 
on account of their minuteneſs, or becauſe the 
ſeeds are not yet ripe, In the preſent ſpecies, 
the late appearance of the lobes, which does 
not takes' place in much leſs than a month 
after fecundation, is very remarkable (a). 
XII. Cucurbita Pepo, Common Pumpion 
or Pumpkin. Diſregarding for the preſent 
the male flowers, as having no relation with 
the preſent inquiry, on account of their ſte- 
rility, I directed my attention to the female 
flowers, beginning with the bloſſoms. that 
were leaſt advanced; ſmall, however, as they 
are, the little pumpion is already formed un- 
der the bud, and the feeds within it are very 
viſible. In this plant there is a pecularity - 
in their ſtructure. They are not compoſe 
of an homogeneous ſubſtance, as the unripe 
ſeeds of other plants, but conſiſt of tWa 
matters, a ſhell and a nucleus. When the 
ſeed is cut tranſverſely, theſe two ſubſtances 


(a) I found, by obſervations made a year afterwards, 
on more advanced feeds of the Ixia, that my ſuſpi- 
cion was juſt. When a longitudinal ſecjon is made 
along ſuch ſeeds, the plantule is very viſible; it has the 
ſhape of a cone; the baſe lies at the bottom of the ſeed, 
and the apex reaches about as high as the middle. The 
whole plantule is imbedded, and hid in the milky matter, 
which at this period is very hard. I muſt moreover ob- 
ſerve, that notwithſtanding ali my pains, I could not diſ- 
cover the lobes; perhaps the part I call plantule might 
ſerve in their ſtead. The appearance of the plantule is 
as late in the ſeeds of the Ixia, as in thoſe af the lark- 


tpur, 
8 1 © _—_ 
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appear in the plane of ſection; if a portion 
of the divided ſeed be held by the flat fides 
between the finger and thumb, and preſſure 
be made towards the cut, the nucleus quits 
the huſk, and flies into the air, as the ſtone 
of a cherry does when preſſed in like man- 
ner. If the nucleus be taken whole out of 
its cover, it appears in the ſhape of a pear 
with its ſtalk, and bears, moreover, a per- 
fect reſemblance to the lobes with the plan- 
tule. But are we to conclude, that the plan- 
tule is really viſible here before fecundation ? 
I confeſs, this firſt obſervation on the fructi- 
fication of the pumpkin, was very near lead- 
ing me to adopt this opinion. But one cir- 
cumſtance ſuggeſted a doubt. In other 
plants the lobes are' eafily ſeparable into two, 
and ſometimes into four (VIII in the pre- 
ſent caſe, the nucleus would not admit of 
ſuch a ſeparation, but formed a perfect 
whole. The beſt way of removing my per- 
plexity, evidently was to proſecute my obſer- 
vations. From the examination of three 
larger buds I learned, that the nucleus yet 
conſiſted of one body, and that it adhered fo 
firmly to the cover, that it could not at all, 
or at leaſt not without great difficulty, be 
parted from it. But the cover or rind ap- 
peared much more complex than I had at 
firſt conceived. It conſiſts of three diſtinct 
membranes. The firſt or outermoſt is the 
moſt thin and delicate of all; it may be de- 
nominated the cuticle or. epidermis. The 
ſecond, which lies immediately under the 
firſt, is thicker, and of a whitiſh colour, and 
has a degree of hardneſs approaching to that 
of wood; there is ſome l in ſepa- 
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rating it from the third, which inveſts the 
nucleus; this innermoſt ſkin'or membrane is 
greeniſh and firm, but not ſa firm as the 
lecaondero; wh ts © nn 
The inſpection of the ſeeds, twenty-five 
days after the falling of the flower, gave me 
an opportunity of obſerving other new cir- 
cumſtances. The nucleus, which ſo much 
reſembled the lobes, had diſappeared, and in 
its ſtead, there was a membranous ſac, ter- 
minated by a beak; that was attached to the 
inſide of the ſeeds. The ſac was ſomewhat 
tumid, with -a liquid ſtagnating within it, 
as became eyident wheneyer it was perforat- 
ed. By gently laying hold of the beak with 
a pair of forceps, the little ſac may without 
en be entirely removed. It is com- 
poſed of two membranes, which, when 
opened, are found to contain a very tender 
mucilaginous body full of moiſture. This 
body ariſes from the inſide of the apex of the 
ſeed, and extends about half its length; it 
is attached to the place at which it termi- 
nates, The ſlighteſt touch breaks: and de- 
ſtroys it. When examined by the micro- 
icope, it appears reticulated, whence I con, 
clude that it is organized. foe pie . 

In ſeeds further advanced, when the flowers 
have been withered above a month, the mu- 
cilaginous body encloſed in the membranous 
tac is much enlarged, and at the inſide of 
the apex of the ſeed appears a white, ſolid, 
and conical particle, which, when attentively 
examined, appears to be the germ or the 
plantule in miniature. To the plantule are 
attached the two lobes like it, of a White 
colour, and exceeding it in ſize; the mucila⸗ 
ginous filament above-mentioned paſſes in the 
= v4. middle 


added Ochmum Baſilicum, ſweet Baſil, Cucur- 
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middle between them, and is inſerted into 


the plantule. It is eaſy, from what has been 


ſäaid above, to gueſs how the ſeeds gradually 


adyance towards maturity. The mucilagi- 
nous filament enlarges in its dimenſions, the 


plantule increaſes, and the two lobes ad- 


vancing in bulk and maſs, come at laſt to 
occupy almoſt all the infide of the ſeed. It 
appears, therefore, that I ſhould have been 
greatly deceived if I had taken the nucleus, 
which is found within the ſeeds before the 
opening of the flowers, for the lobes and the 
plantule, fince theſe parts do not make their 
appearance till a month after the withering 
of the petals. e e 

XIII. Cucumis ſativus, Cucumber. My 
obſervations on the ſeeds of this plant, ſo 
exactly reſemble thoſe on the ſeeds of the 
pumpion, both with reſpect to the appear- 
ance of the nucleus before fecundation, the 
membranous ſac, and the gelatinous ſub- 
ſtance, which are obſerved afterwards, and 
laſt of all the lobes and plantule, that I think 
it unneceſſary to enter into a particular ac- 
count of them. I ſhall only ſay, that in the 
cucumber the plantule and the lobes ſeem to 


me to become viſible ſtill later: they at leaſt 


were very ſmall in one inſtance, when the 
fruit was nearly ripe, and beginning of courſe 
to turn yellow. 1 

I afterwards proceeded to examine other 
pgs, Hibiſcus Syriacus, the Syrian ſhrubby 
Mallow, Alcea roſea, roſe-flowered, or com- 
mon 'Hollyhock, Acanthus mollis, ſoft or 
fmooth-leaved Acanthus, Convoluulus purpu- 
reus, purple Bindweed, to- which may be 


bits 
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hbita citrullus, Cannabis ſativa, Hemp, Mer- 
curialis annua, annual Mercury. All theſe 
plants perfectly agree in the appearance of 
the ſeeds long before fecundation, and of 
the plantule and lobes, ſome time after the 
ripening and diffuſion of the pollen. This 
general obſervation perfectly coincides with 
the account of the great naturaliſt Duhamel, 
given long ſincd in his Phyſue des Arbres. 
Speaking of the formation of the ſeeds of 
trees bearing fruit with ſtones, ſuch as the 
almond, th epeach, plum, cherry, &c. he 
adduces many facts to prove, that when a 
ſtone, which has attained its full fize, is 
opened before the fruit is ripened, (and we 
may make the experiment a long time after 
fecundation), it will be found full of a viſcid 
liquor; a white body, he ſays, begins to ap- 
pear within the point of the kernel, encloſed 
in a ſmall tranſparent bladder: this body 1s 
the rudiment of the lobes with the plantule ; 
they grow till they fill the whole capacity of 
the ſtone. From the coincidence of fo many 
facts, I think myſelf authoriſed to infer, 
that this law is obſerved by Nature, if not 
in all plants, yet in a great number, 
XIV. But with which of the three theories 
reſpecting the generation of plants (I), do 
my numerous obſervations beſt agree? My 
principal aim was, as I have already remark- 
ed, to find, if poſſible, data ſufficient for the 
folution of this difficult problem. Should 
we be content with firſt appearances, we 
might perhaps think that ſyitem preferable, 
according to which, the embryos of plants 
are conveyed, at the time of fecundation, by 


the powder of the antheræ into the or 


4 
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The embryos have never been found in this 
organ before the aſperſion of the powder, 
They always make their appearance after the 
pollen has been obſerved upon the antheræ. 
It ſhould therefore ſeem, that the exiſtence 
of the embryos directly depends upon this 
powder; and it may be inferred, with ſome 
degree of probability, that the embryos pre- 
exift in the pollen; and that when it falls 
upon the ſtigmata, they are conveyed through 
particular ducts into. the ovarium. A learned 
naturaliſt (3), has accordingly been led to 
adopt this opinion, by the obſervations of 
ſome perſon, who pretended to have ſeen the 
embryos in the ovarium, immediately after 
the ſummits had diſcharged their fecundat- 
ing duſt. But whoever. conſiders, with a 
little attention, the force of the argument, 
will find, that it is not very convincing. It 
ts in the firft place not true, that the em- 
bryos may be perceived as ſoon as the powder 
has fallen from the ſtamina. They do not 
come into view for more than a week, and 
ſometimes not till a month after the diſper- 
fron of the powder, as is evident from all the 
obfervations I have hitherto related, and 
from others which I ſhall hereafter relate. 
In the ſecond place, this mode of 'reaſoning 
is, as Mr. Bonnet has very well remarked, 
illogical; when we infer, that the embryo 
does not exiſt in the overium before fecunda- 
tion, becauſe it is not viſible before that 
time, we argue from inviſibility to non- 
exiſtence, a fallacious way of reaſoning, as 


(a) Needham: Nouv. decouvertes faites avec le Mi; , 
croſcope. . 
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many inſtances may be brought to ſhew: in 
the impregnated egg, for example, the beſt 
microſcopes will not bring the chicken into 
view, though we are ſure that it is preſent. 
Notwithſtanding the inconcluſiveneſs of the 
argument, there ſeems no abſurdity in ſup- 
poſing the embryo of the plant to pre- exiſt 
in the powder, and thence to paſs into the 
ovarium. To remove theſe uncertainties, I 
reſolved to give my inquiries a different di- 
recon :. A 

XV. If the embryos of plants be really 
lodged in the pollen, why cannot we diſcern 
them by microſcopes-of high magnifying 
powers? The thing did not ſeem improba- 
ble, and I thought it would be proper to 
turn my reſearches to this object. I ac- 
Conde examined the ripe pollen of ſeveral 
plants, and eſpecially of thoſe upon which 
the foregoing obſervations were made. In 
the flowers of theſe vegetables, I found the 
powder to reſemble very nearly that of others 
examined by botaniſts, and in particular by 
Duhamel; it formed an aggregate of par- 
ticles, differing in figure in different plants; 
in ſome the particles are round, in others 
elliptical, in others pyramidal or conical, in 
others of an irregular form. Sometimes 
they are ſmooth, ſometimes prickly, and at 
others covered with knobs. They are in 
different plants tranſparent, opake, yellow, 
white, blue, or carnation. The ſize varies 
according to the difference of the flowers. 
But theſe corpuſcles are not, according to 
the common conſent of Naturaliſts, imme- 
diately concerned in the generation of plants. 
They are veſicles, ſheaths, caſes, —, 2 

wha- 
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whatever name we may chuſe to diſtinguiſh 
them, for the moſt part full of a thin liquor, 
which, when they are moiſtened, they emit 
with force. In this liquor floats a multitude. 
of very ſmall globules, which, at the time 
of exploſion, are thrown in different direc- 
tions. Thoſe who adopt the theory we are 
conſidering, ſuppoſe the rudiments or em- 
bryos of the plants to be lodged in this li- 
quor. It was therefore proper to fix my 
attention upon it, and to try whether 1 
could perceive any thing reſemn Hling an em- 
bryo. When the embryos are firſt ſeen in the 
feeds, they repreſent a {mall pointed body, 
to which two larger bodies are affixed, like 
the cloſed wings of a butterfly ; theſe are the 
lobes. I examined the liquor with great at- 
tention, in order to ſee whether it contained 
any ſuch bodies, or any thing like them. I 
uſed glaſſes of various powers, from the 
loweſt to the higheit; but I could diſcover 
nothing except the liquor, which in ſome 
caſes is like oil or coin fat, and the glo- 
bules that uſually float in it. As the liquor, 
a ſubſtance without organization, cannot be 
what we term embryos, I had only to ex- 
amine the globules; but I could perceive 
nothing in them, which bore any reſem- 
blance to lobes or embryos. - Theſe, as the 
word globule imports, are round bodies, 
or ſuch as have nearly that figure; they 
conſtantly retain it with whatever micro- 
ſcopes they are examined. Nor did their 
form change, when I uſed the ſolar mi- 
croſcope, which ſo prodigioufly enlarges ob- 
jects. Of theſe facts, it is the direct con- 


ſequence, that we cannot aſſert, with any 
proba- 
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robability, that the embryos of plants are 
odged in the pollen... 
It may, I am well aware, be objected, that 
the globules are the real embryos, and retain 
their round ſhape as long as they continue 
in the powder; but that as ſoon as they paſs 
into the ovarium, and find a 2 ſupply of 
nouriſhment, they unfold the parts which 
were before concentrated in a minute globe, 
and aſſume the ſhape of the lobes and plan- 
tule; juſt as the tadpoles of the frog and 
toad, according to my obſervations, repre- 
ſent ſo many globules as long as they remain 
in the body of the female, but w they 
come to be nouriſhed with the liquor of the 
amnion (a), they put on the real form of the 
tadpole. Such an objection may be ſtarted, 
but it amounts to no more than a bare poſh- 
bility, that the globules floating in the liquor 
of the pollen 19595 be the embryos. But I 
am not ſeeking for poſſibilities; I am in- 
quiring whether the ſuppoſition is probable; 
whether there is any juſt motive for ſup- 
poſing the embryo to pre-exiſt in the powder 
of the ſtamina: and my obſervations ſhew 
not any fuch probability, or any ſuch juſt 
motive. Not having, by theſe means, ob- 
tained the information I ſonght, there re- 
mained one other chance of ſolving the pro- 
blem, by interrogating Nature m a different 
manner. This was to try, whether the em- 
bryos would appear and grow to maturity, 
when the powder of the antherz was hin- 
dered from acting upon the piftils. Should 
the event be ſuch, it would be evident, that 


i * (a) Diſſert. * : £07 AR 
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the ovarium. The experiment might be 
by removing the male flowers of thoſe plants, 


in which they grow ſeparately on the ſame 


from the female, that there can be no ſuſpi- 
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the embryos do not belong to the pollen, but 


made in three ways, either by burn e 
the antheræ of hermaphrodite flowers, before 
they ſhed their powder upon the piſtil; or 


individual before they are ripe ; r 
keeping the male plants at ſuch a diſtance 


cion of their duſt reaching them; this ex- 
periment relates to plants producing two 
ſorts of individuals; one provided with ſta- 
mina only, the male, and the other with piſ- 
tils only, the female. Theſe experiments, 
together with ſome obſervations, will fur- 
niſh matter for the two following chapters. 


o 5 


AND MONOICOUS PLANTS, UPON WHICH 
THE POWDER OF THE STAMINA WAS 
PREVENTED FROM ACTING, CALLED BT 
LINNÆ US OCYMUM BASILICUM, HIBIS- 
CUS SYRIACUS, CUCURBITA MELOPEPO 
FRUCTU CLYPEIFORMI, CUCURBITA 
s, | | 


XVI.V BEGAN with an hermaphrodite 
1 plant, viz. that ſpecies of Baſil which 
is often raiſed in pots, and called by botaniſts 
Ocymum Baſilicum, ſweet baſil. I happened, 
. 5 at 
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at the time I conceived the deſign. of enter- 
ing upon this inquiry, to have ſome in blow, 
and others of which the flowers were not yet 
expanded. That I might form a juſter judg- 
ment of my experiments, I reſolved to com- 
pare flowers, in which the pollen had acted 
with others, in which its influence had never 
been exerted. My obſervations upon the 
former were the following: every bloſſom 
of baſil had four ſtamina, in the midſt of 
which riſes the piſtil; the ſtamina, as well 
as the piſtil, are diſtinctly viſible twelve days 
and more before the opening of the flower, 
when the petals have been cautiouſly re- 
moved. The ſeeds appear at the ſame time 
in the ovarium ; they are four in number, 
and have an oval ſhape. They continue folid 
for ſeveral days after the falling of the flow- 
ers, but ſoon afterwards, while they are in- 
creaſing in bulk, a cavity, like that which I 
have obſerved in the ſeeds of other plants, 
begins to form. Within this cavity, we may 
in a ſhort time diſcern a ſolid point, at firſt 
ſhapeleſs, but ſoon putting on the form of the 
lobes and plantule. Meanwhile the cavity 
becomes more capacious, as the plantule and 
lobes grow, and at length theſe bodies oc- 
cupy the whole inſide of the ſeeds. Such is 
the proceſs of Nature in thoſe flowers of 
baſil, in which the powder of the ſtamina is 
left to produce its effects: we have ſeen that 
the ſame phenomena occur in other plants. 
XVII. It is now proper to proceed to 
the other more intereſting part of our com- 
E inveſtigation, and to obſerve what 
ecomes of the embryo, when the influence 
of the pollen is withdrawn. At the time 
when the flowers were about to open, I cut 
EE | away 


—_ 
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away the four antheræ, which now were full 
of ripe pollen. But this operation alone did 
not ſatisfy me. The exceſſive tenuity of that 
halitus, which burſts from the pollen (XV), 
and which, in the general opinion of bota- 
niſts and naturaliſts, has an immediate effect 
in generation, = whatever manner it may 
produce this effect) rendered it neceſſary not 
only to remove the pollen, by cutting away 
the antheræ of thoſe flowers upon which the 
experiment was made, but alſo to keep at a 
diſtance the pollen of other flowers growing 
on the ſame plant. This end was eaſily ob- 
tained, by plucking off all the flowers as the 
were about to be expanded, except thoſe 
which were the ſubje& of my experiment. 
The pot was placed on a window, and there 
grew near it no other plants of the ſame kind, 
either in pots or in the ground. I cannot 
relate what happened ah 426m aſtoniſhment. 
The ſeeds, ſome time after the falling of the 
flowers, became hollow within, and in' the 
cavity appeared the lobes and the plantule, 
which grew till they filled the whole capacity 
of the feeds. In ſhort, the various phaſes 
aſſumed by ſeeds that have been ſubjected to 
the influence of the pollen, were obſerved. 
without any difference in others, which may 
reaſonably be ſuppoſed never to have felt that 
influence. . 5 
XVIII. I could not however acquieſce in 
this reſult: but was rendered uneaſy by a ſuſ- 
picion, that fo delicate an experiment had not 
een executed with all the neceſſary precau- 
tions. According to the common opinion 
of philoſophers, the powder of the ſtamina 
exerts its action while the flowers are open- 


* 
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ing, or ſoon after they are blown. But on 
opening the flowers of baſil two or three days 
before their time, I thought that in two or 
three inſtances part of the pollen was ripe, 
and that one or two grains had fallen upon 
the piſtil, which lies very cloſe to the an- 
theræ, and indeed almoſt touches them. I 
therefore ſuſpected, that I had cut away the 
antheræ too late, and after the pollen had 
produced its effects. This conſideration led 
me to perform the operation upon flowers 
leſs forward, and not liable to ſuch a ſuſpi- 
cion. And now the event was different. TI 
made the experiment upon eighty-four bloſ- 
ſoms. The ſeeds of about one-third of this 
number fell before they were ripe. In the 
ovaria of the reſt appearances were ex- 
ceedingly various. Some ſeeds, notwith- 
ſtanding it was the ſeaſon of their maturity, 
were as ſmall as when the antheræ were cut 
away. In ſome ovaria they were larger, but 
withered, dry, or quite ſpoiled. In twenty- 
five inſtances, they were as well looking and 
as large as thoſe which had been ſubjected to - 
the influence of the pollen. I was not how- 
ever to be ſatisfied with external appearances. 
The principal queſtion was, whether they 
each contained an embryo, or a plantule at- 
tached to lobes? They actually contained 
theſe parts, nor could I, by analyſis or com- 
pariſon, perceive any circumſtance in which 
they differed from the plantule and the lobes 
of ſeeds, upon which the influence of the 
pollen had been exerted. Of theſe twenty- 
five ſeeds, certainly never acted upon by the 
powder of the antheræ, twelve were analyſed 


in this manner, and the remaining thirteen * 


Vor, II. . were 
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were put into the ground. But they did not 
germinate, while thirteen feeds of the ſame 
plant, left to the x 110mg of the pollen, and 
fown in the fame place, all came up. The 
immediate and moſt ſtriking inference to be 
deduced from theſe obſervations is, that the 
fecundation, and ſometimes the evolution 
of the embryos of baſil, depend upon the 
pollen, but not their exiſtence. TM 
XIX. Whilſt I was thus employed upon 
baſil, I made obſervations and experiments 
of the ſame nature upon Syrian ſhrubby mal- 
low, Hibiſcus Syriacus. The antheræ were 
cut away from a great number of bloſſoms 
before they expanded. I could not however, 
I muſt own, be certain, that a grain'or two 
of powder had not fallen upon the piſtil; for 
I oftener than once obſerved, that it was 
quite ripe. Some ſeeds fell ſoon after the 
operation, but the greater part remained in 
their proper fituation, and grew conſiderably; 
they would perhaps have arrived at matu- 
rity, if the coolneſs of the atmoſphere at the 
ſetting in of autumn, had not 4 
them, as it prevented other ſeeds of the ſame 
ſpecies, which were left to themſelves, and 
muſt be ſuppoſed to have been impregnated 
by the pollen. Some of theſe ſeeds, which 
had grown a good deal, but were yet unripe, 
were black within -and ſpoiled, others were 
white, in all appearance ſound, and, what is 
of chief conſequence, they contained a plan- 
tule attached to its lobes, which were con- 
voluted like cut lettuce. From the plantule 
aroſe, in ſome caſes, an almoſt imperceptible 
gelatinous filament, of which the other end 
was inſerted into the ſeeds. | + £5 
„ | When 


When l cut off the antheræ from the blown 
flowers, I performed the ſame operation upon 
others ſeveral days before they were to ex- 
pand. To effect my purpoſe it was neceſſary 
to force open the bud, which could not be 
done without ſometimes injuring a. petal. 
At this time it ſeemed certain, that the pollen 
could not have produced any effect, as it was 
viſcid, and adhered tenaciouſly to the ſum- 
mits of the ſtamina. The an exactly cor- 
reſponded with the foregoing obſervations. 
The Reds of ſeveral flowers dropped prema- 
turely, while in others they continued firm, 
and grew conſiderably, but did not ripen: 
ſome were vitiated internally; others con- 
tained lobes and a plantule completely deve- 
loped and ſound. e £54 
It is obvious, that the conſequences of the 
experiments on ſhrubby mallow and baſil 
perfectly agree; they equally concur to prove, 
that ach the due evolution of the em- 
bryos depends on the action of the pollen, 
Ki powder neither conveys nor produces 
them. | 8 . 
XX. Having ſufficiently ſatisfied my curi- 
olity, with reſpect to theſe hermaphrodite 
lants, I proceeded, according to the plan 
id down in Sect. XV. to plants bearing male 
and female flowers ſeparately on the ſame 1n- 
dividual. My obſervations were made upon two 
of this claſs, the pumpion with ſhield- form 
fruit, Cucurbita Melopepo fructu Clypeiform, 
and the citron pumpion, Cucurbita Citrullus. 
I had the ſeeds of the former ſpecies from 
the public botanic garden at Paviaz they 


were ſown in the ſpring at Scandiano, a well- 
known and very * fort belonging na 
2 | the 
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the ſtate of Modena, and the place of my 
nativity: here, during the ſummer and au- F 
tumnal vacations, I employ myſelf in thoſe 
experimental enquiries, which are the ſubje& 
and the foundation of my unimportant lite- 
rary productions. At my arrival there at the 
beginning of June 1777, two individuals, for 
I had ordered two only to be raiſed, were juſt 
beginning to put forth a few flower-buds 
towards the bottom of the ftalk. At this 
early period the male flowers may eaſily be 
diſtinguiſhed from the female. The former, 
denominated alſo barren by botaniſts, have a 
ſlender ſtalk; while the ſtalk of the former, 
where it joins the calyx, forms a tumour, 
confiſting of the immature fruit, as is inti- 
mated in Sect. XII. I paid daily viſits to 
theſe two individuals, and very carefully 
watched the progreſs of both ſorts of flowers. 
That there might be no ſuſpicion of the 
pollen exerting any influence upon the fe- 
males, the males were deſtroyed at their firſt 
appearance. As fruit, when a fmall quan- 
tity only is left upon a plant, is ſooner ripe, 
and grows to a larger ſize, becauſe it receives 
a greater ſhare of nutritious juice, I left on 
each of my two indivaduals two flowers only; 
the buds that made their appearance after- 
wards were taken away, along with the male 
flowers. Meanwhile my four gourds grew 
rapidly ; finding that towards 'the middle of 
September they had attained the uſual full 
fize, I gathered one, in order to inſpect the 
internal parts. The fleſh was too ſoft, be- 
cauſe the fruit was not thoroughly ripe; 
but in colour, ſtructure, and taſte, it re- 
ſembled fruit produced by plants which had 

4 their 
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their male flowers, and which I examined 
both before and afterwards at Pavia. The 
ſeeds were in great number, and, as well in 
ternally as externally, were perfectly formed; 
the lobes, indeed, to which the plantule was 
attached, did not occupy the whole capacity 
of the ſeeds, but they had not attained their 
full ſize. At the end of the month the other 
three gourds were quite ripe; I therefore 
gathered them, and put the ſeeds of each into 
a ſeparate box, that I might be able to ex- 
amine them at pleaſure. The lobes filled the 
whole inſide of the feeds, and had all the 
characters of perfect maturity. 

XXI. Thus far there is a perfect agree- 
ment with the obſervations made on the ſeeds 
of baſil, which ſeemed, notwithſtanding they 


were deprived of the a of the pollen, 


to have acquired the ſame degree of perfec- 
tion as thoſe impregnated in the uſual man- 
ner. But as they did not grow, however 
perfect they might be in appearance, becauſe 
they had not been vivified by the pollen 
(XVIII), I imagined, that for the ſame reaſon 


the ſeeds of my three gourds would not grow. 


It was, however, proper to make the experi- 


ment. I therefore dried one hundred and 


fifty in the ſun, and afterwards planted them 
in three pots, fifty in each, taken from ſepa- 
rate gourds. But the lateneſs of the ſeaſon, it 
being the 10th of October, the conſtant rain, 
and the coolneſs occaſioned by it, circum- 
ſtances unfavourable to vegetation, obliged 
me to place my pots in a ſtave, which, though 
it was not heated, was kept warm by a con- 


tiguous chimney. The event did nat by an 


means correſpond to my expectation ; I too 
| T 3 es it 
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it for granted, that none of the ſeeds would 
germinate, and yet they almoſt all came up 


very well. On the ith. ten days after they 
were planted, thirty-feven, out of one hun- 
dred and fifty, were ſprung up; the number 
increaſed daily, inſomuch, that on the 8th of 
November, one hundred and thirty-three ap- 
peared above the mould in the pots. I was 
unwilling to leave the ſeventeen ſeeds that 
did not ſhoot unexamined ; I found that they 
were either empty, .or that the lobes and the 
plantules were vitiated ; that is to ſay, criſp 
and withered, becauſe they were unripe. + 

I reſerved the remainder of the ſeeds for 
another experiment to be made the following 
ſpring. Before it can be aſſerted that fruc- 
tification has been complete, it is neceſſary, 
according to the determination of botaniſts, 
not only that the ſeeds ſhould grow, but that 


they ſhould alſo be capable of bringing 


productive feeds, or, in other words, of per. 
petuating the ſpecies. That I might learn 
whether the ſeeds of my three gourds en- 


* 


joyed this prerogative, I cauſed ſome of them 


to be planted in the ſame place in May 1778, 
and when they were grown to ſome ſize, 


they were, as in the foregoing experiment, 


carefully ftripped of all their male flowers, 
one female flower only being- left upon each 
individual. Theſe flowers were furniſhed 
with ſmall gourds, which grew ripe towards 
the beginning of autumn, and the ſeeds they 


produced grew juſt as well as the former; nor 


can I doubt that they would have brought 
forth fruit juſt as well, if I had choſen to 
ä 
e From 
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From theſe facts it appears, that the gourd 
with ſhield- form fruit does not agree with 
baſil in the circumſtances attending genera- 
tion. The ſeeds of bafil, to be productive, muſt 
be impregnated by the pollen, but the ſeeds of 
this gourd propagate the ſpecies without ſuch 
help. The things which I have related fur- 
niſh the moſt certain and unequivocal proofs 
of this aſſertion. It is impoſſible to ſuſpect, 
that the powder of the male flowers, growing 
upon the ſame plant with the female flowers, 
had any ſhare in producing this effect, be- 
cauſe J deſtroyed them long before it was 
ripe. Nor can it reaſonably be preſumed, 
that any pollen was carried by the air to the 
{pot from places at a diſtance. I purpoſely 
choſe Scandiano (XX), as there was not a 
gourd of this ſpecies any where in the neigh- 
bourhood. We muſt therefore of neceſſity 
conclude, that neither the embryos of this 
plant, nor its fructification, depend upon the 
powder of the ſtamina. 

XXII, I now come to the other ſpecies of 
gourd, the ſecond plant, with male and female 
flowers growin E on the ſame indi- 
vidual of which J propoſed to treat Cog 
One root of this ſpecies was planted late in 
the ſpring of 1779, in the ſame garden which 
the two preceding years had produced the 
gourd with ſhield-form fruit, The preſent 
plant was in like manner depriyed of all its 
male buds, as ſoon as they began to appear, 
and a few female flowers only were left for 
fructification, ſuppoſing it ſhould take place 
in theſe circumſtances. That this plant might 
be inſulated, and that no ſuſpicion might 
ariſe concerning the influence of adventitious 

91 F 4 _ - . pollen, © 
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pollen, I took another precaution, which he 


Who is aware of the delicacy requiſite in ſuch _ 


experiments will not regard as unneceſſary. 
My precaution conſiſted in encloſing, in 
large bottles of glaſs, thoſe branches of which 
the female flowers were about to open, and 


ſo to lute the necks with a thick cement, as 


to prevent the paſſage of the external air, 


which is thought by many to be the vehicle | 


of the fecundating powder, into the bottles. 
This artifice eaſed my mind of another. ap- 
prehenſion. Some botaniſts pretend, that 
the fecundation of ſeveral plants is effected 
by means of inſets. According to them, 
bees and other winged inſects of the ſame 
kind, by creeping into flowers to ſuck the 
honey, or extract the wax, are apt to bruſh 
away the duſt of the ſtamina, and to convey 
it on their bodies, from flower to flower; 

in this manner, ſay the, are plants fre- 

quently impregnated. The inſtances of ar- 
tificial fecundation, which will be here- 
after mentioned, incline me to admit this 
ſuppoſition. The diſpoſition of the bottles in 


the manner above defcribed, not only pre- 


cludes all ſuſpicion of pollen being conveyed 
to the female flowers by the air, but it like- 
wiſe hinders the acceſs of inſets, Two fe- 
male flowers about to be expanded, were 


1 88 in this manner by bottles with wide 


bellies; but the bloſſoms, as well as the 
young gourds belongin 
perſpirable matter iſſuing from the two en- 
cloſed branches; it collected at firſt in the 
form of dew upon the inſide of the bottles, 
and afterwards ran down in little ſtreams 


: ö b to them, came to 
nothing. The cauſe of this failure was the 
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upon the flowers; hence they periſhed in 
three days. But the unſucceſsful termina- 
tion of this trial did not cauſe me to aban- 
don my purſuit; it only taught me how to 
enſure ſucceſs. I had only, as appeared from 
the event of this experiment, to prevent the 
flowers from reſting upon the ſide of the 
bottle. I therefore contrived to ſuſpend 
them in the middle, ſo that they might be 
only juſt as much moiſtened by the perſpira- 
ble matter, as would be ſufficient to 12 
them in a ſtate of vigour. In this manner 
two female flowers were encloſed for eleven 
days; that is to ſay, from the time they were 
about to expand, till they were withered. 
In the interval the fruit had nk; a little. 
Having thus eaſed my mind of fear, leſt any 
unperceiyed pollen ſhould have been conveyed 
to them at this moſt critical period, I re- 
moved the bottles on the cela day, and 
expoſed the fruit to the open air till it grew 
ripe, which happened about the eighth of 
September. They both ſeemed perfect; and 
all the inſide of the ſeeds was occupied by the 
lobes and plantule. The growth of the ſeeds 
of the former ſpecies gave me ſome reaſon to 
hope, that thoſe on which I was employed 
would produce plants; and ſo it really hap- 
pened : Pond an hundred, fifty taken from 
each pumpkin, of which eighty-nine were 
productive, and conſequently eleven failed : 
the cauſe of their ſterility was the ſame as in 
a former experiment (in which ſeventeen 
feeds of the other pumpkin proved unpro- 
ductive (XXI). The plantule or the lobes. 
aboured under ſome vice of organization; 
a circumſtance by no means ſurprizing, as it 
| | 18 
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is obſerved in the ſeeds of the ſame plants, 
when left to the care of Nature: I planted 
the ſeeds of the preſent ſpecies in 1780, as I 
had before ſowed thoſe of the former in 1778; 
in both. caſes the reſults relative to fructi- 
fication were exactly alike. It was there 
fore reaſonable to conclude, that fructi- 
fication in this plant does not, in the 
ſmalleſt degree, depend on the powder of 
the ftamina. > 1 


N . 


GENERATION OF CERTAIN PLANTS PRO» 
DUCING MALE AND FEMALE INDIVIs 
VIDUALS, ON WHICH THE FECUNDA T= 
ING DUST WAS PREVENTED FROM EX. 
ERTING ITS INFLUENCE,VIZ.CANNABIS 
SATIVA, HEMP, SPINACIA OLERACEA, 
SPINACH, MERCURIALIS ANNUA, AN- 
NUAL MERCURY. | 


XXUI, FNANNABIS Sativa, hemp. Du- 

| ring my reſidence at Scandiano, 
in the ſummer of 1767, I obſerved two phæ- 
nomena, which deeply engaged my atten- 
tion. The firſt was upon a ſtalk of hemp, 
that ſprung up ſpontaneouſly in my garden, 
It was ſtrong and tall, and on all ſides ſur- 
rounded by a wood of branches. It pro- 
duced a great number of feeds, which, in all 
appearance were perfectly formed. I found, 
by experiment, that they were productive, 
: | | not- 
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notwithſtanding it was the only plant in the 
garden which is very large, and no male 
plants grew within a confiderable diſtance. 
Prejudiced as I was in favour of the univer- 
ſally received ſexual ſyſtem, I felt ſome ſlight 
ſuſpicions ariſe in my mind from this obſer- 
vation; I could not refrain from mentioning 
it as a ſingular occurrence to ſeveral friends, 
and among others to the celebrated naturaliſt 
Campi Somaſco. I however at that time 
thought, that the phænomenon might be 
explained, from the ſuppoſition of pollen 
conveyed by the wind from the hemp-yards, 
with which the maquifates of Scandiano a- 
 bounds—more eſpecially as I was aware of 
the great plenty of this powder, which riſes 
in a thick cloud, when the plant is ſhaken. 
I imagined alſo, that from the greater abun- 
dance of pollen afforded by the male hop (a), 
the favourers of the ſexual ſyſtem, might 
account for the fructification of female 
plants diſcovered in places where there are 
no males. 

XXIV. The ſecond phenomenon which 
I obſerved the fame year, was the following. 
The inhabitants of the territory of Reggio 
and Modena, eradicate all the male indivi- 
duals from the hemp-yards, about the ſecond 
or third of Auguſt, and leave the females 
till the end of September. In a ſeaſon fa- 
vourable to vegetation, the females continue 
to grow above a month, and to produce new 
branches. Upon theſe branches ſpring flow- 
er-buds, which in time expand and bear 
ſeeds. Of ſuch female individuals I ſaw, 


(a) Humulus Lupulus. Linn. 
| for 
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for the firſt time, great numbers growing on 
the 8th of September, 1767; that is, thirty- 
fix days after the male plants had been pulled, 
as I was aſſured by a perſon of credit. I fixed 
my attention chiefly upon the late branches, 
on which as yet the firſt rudiments of 
the cloſed flowers ſcarce began to appear: 
JI moreover tied a thread looſely round them, 
that I might try whether the ſeeds, if any 
thould be produced, would arrive at per- 
fection. This actually happened, as their 
thooting ſoon after I ſowed them in October 
irrefragably proved. This ſecond phænome- 
non gave riſe to ſerious reflections, as I could 
not poſſibly at firſt comprehend how the 
ollen could have fecundated theſe female 
flowers, which made their appearance upon 
the branches ſo long after the removal of the 
male plants. After a little conſideration, I 
perceived that the advocates of the ſexes 
might find ſomewhat to adduce in their de- 
fence. Notwithſtanding the want of male 
flowers, it might be ſaid, the pollen which 
had been ſhed in ſuch abundance, may float 
in the air ſurrounding the individuals of the 
other ſex. 1 55 | TO 
XXV. Eight years afterwards, in 1775, & 
Memoir . appeared in Rozier's Journal on the 
the fecundation of plants, the tenour of which 
erfectly agrees wich my obſervationson hemp. 
The ſubſtance of this memoir, as far as it 
relates to our preſent enquiry, is the follow- 
ing. The author reared a female ſtalk of 
hemp in a pot at Paris, which produced, at 
the uſual time, ſeeds of the common ſize, 
conſiſting of two well nouriſhed lobes with 
plantule or germ. When the ſeeds were 
; | planted, 


DISSERTATION. of. 285 


planted, they all without exception germi- 
nated, and grew up in a ſhort time. The 
plant had not been covered by any thing; it 
ſtood upon a window level with the ground, 
at a great diſtance from other plants of the 
ſame ſpecies. The maker of this experiment 
does not pretend, that it entirely excludes 
all ſuſpicion of the fecundating duſt, but 
only that the acceſs of it is highly im- 
probablez he exhorts naturaliſts to re 

and improve his experiment. The author of 
the Memoir does not make himſelf known 
any otherwiſe, than by the initials M. F. de 
B. which ſeveral have ſuſpected to deſign the 
celebrated Mr. Fougeroux de Bondaroi, of 
the Academy of Sciences, nephew to the 1]- 
luſtrous Duhamel. However this may be, 
it appeared to me when I read the account, 
that this delicate experiment had not been 
conducted with ſo much attention and ſuch 
precautions, as to produce conviction in the 
mind of the reader (a). 


XXVI. 


(a) Having. communicated in a letter, written Sept. 
18, 1777, to my illuſtrious friend Mr. Bonnet, ſome re- 
{ſults relative to the fecundation of plants, I received a 
very polite reply, dated Nov. 29, the fame year. Among 
other things he mentioned this Memoir, ſuppoſing I had 
never ſeen it. It was his opinion, that the obſerva- 
tion of the French Naturaliſt, whom he preſumes to be 
Mr. Fougeroux, is not ſufficiently deciſive to exclude 
the fecundating powder. He was induced, by his feſpect 
to truth, to make ſome ſtrictures on different paſſages 
of this Memoir; which, as they are connected with my 
obſervations on generation, it will be proper to tranſeribe. 
« Various inadvertencies and miſtakes have been com- 
mitted by M. F. which might be overpaſſed in an author 
of, inferior reputation. I ſhall point them out 9 2 
0 ö ort 


ments on the generation of plants, I ſhall 
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 XXVI. In relating my ſubſequent experi- 
give 


ſhort account I gave to another correſpondent. The pro- 
poſitions diſtinguiſhed by Italicks are the words of M. F. 

M˖e are not ſure, that the chicken exiſts before impreg- 
nation in the egg, and toe muſt conſequently be ignorant, 
whether the plant exifts in the ſeed before fecundation. 

„The learned naturaliſt ought, I think, to have ex- 
preſſed himſelf very differently after the fine diſcovery of 
Haller, of the pre-exiſtence of the chicken, after your's of 
the 'pre-exiſtence of the tadpole, and Mr. Muller's and 
my obſervations on the pods of peaſe. Palingen, T. 1. 
p. 416. In my eſſay on the fecundation of plants, printed 
in Rozier's Journal, for Oct. 1774, I had brought to the 
reader's recollection theſe ſeveral diſcoveries on vegetables 
and animals, as ftrongly tending to eſtabliſh the great 
probability of the pre-exiſtence of the germ; and M. 
F. 's Memoir evidently refers to mine. 

But is fecundation, by means of pollen, neceſſary in all 
plants? Have none their parts of generation concealed, like 
the lice of plants (pucerons) ? | 

The parts of generation in the lice of plants are not 
concealed. On the contrary they are quite obvious. I 
dwell pretty largely on the amours of theſe inſets in my 
Tnſeftology publiſhed in 1745. I there deſcribe at length 
their genital organs. 

e Laying aſide all ſyſtematical ideas, I abiae by fats and 
obſervations, and fellow a celebrated guide, M. Duhamel; 
who, before me, has multiplied facts and obſervations, with- 
out venturing to decide. 5 

It is doubtleſs commendable to abide in phyſics by 
facts and obſervations. But ſound logic more than barely 
allows us to deduce the moſt immediate and direct conſe- 
quences, as I have endeavoured to do in my works, and 
in the eſſay which Mr. F. feems to have held in view. 
He expreſſes his intention to take Mr. Duhamel for his 

uide. But the fine diſcoveries of Haller, Spallanzani, 
Le. were unknown to Mr. Duhamel when he compoſed 


His excellent Natural Hiſtory of Trees, which: was pub- 


liſhed in 1758. Mr. F. who publiſhed his Memoir in 
| 17755 
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give an account of the means employed to 
prevent the acceſs of the pollen. Six ſmall 
| | g 


1775, was naturally called upon to weigh the conſequen- 
ces reſulting from theſe diſcoveries, and to avail himſelf 
of the analogical deductions drawn by me reſpecting ve- 
getables. This, however, he has not done, and I can- 
not but be ſarprized at it. 

« Theſe who ſuppoſe the plant to exift in the ſeed before 
fecundationg confider the pollen as conſiſting of a number of. 
theaths and caſes, of which each contains a number of feeds 
Hoating in a thin liquor. | | 

Some naturaliſts, as Needham, have conſidered the 
powder of the ſtamina in this light, but they do not allow 
te plants exiſtence in the ſeed before fecundation. Mr. Need- 
ham, who fo well explained the compoſition of the pol 
len, believed the germ to be in the pollen itſelf. Mr. F. 
has therefore expreſſed himſelf very incorreMly ; but 
when he immediately afterwards ſubjoins, the plant, ac 
cording to this opinion, exiſts before fecundation in the powaer 
F the flamina, he falls into the moſt glaring contradiction. 
That the plant exiſts in the ſeeds before fecundation, is an 
hypotheſis which excludes the opinion, that the plant exifts 
before fecundation in the powder of the lamina, 

* But here only human intellect is bewildered. How cum 
we, uſing our reaſon, imagine the germs of all plants to be 
incliſed in ſuch a germ. I bat an abyſs ! Let us quit this 
clue as likely to miſlead us. 

„What meaning has the word only in this place: It is 
preciſely by the uſe of our reaſon which does not ima- 
gine but concerve, that we perſuade ourſelves of the pro- 
bability of that hypotheſis, according to which germs are 
incloſed one within another. If M. F. had read my Me- 
moir more attentively, and meditated longer on the ſub- 
ject, his mode of expreſſion would have been more phi- 
loſophical. Does it then belong to the imagination to 
decide concerning matters lying excluſively within the 
province of reaſon? Can the imagination repreſent to itſelf 
an animalcule many million of times ſmaller than a mite? 
Can it repreſent to itſelf a globule of light, ſeveral thou- 
ſands of which fall at once on the eye of ſuch an W 
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ſtalks of hemp were tranſplanted from an 


hemp- yard into fix pots. As ſoon as oy 
9 8 | hong nad 


No; never will reaſoning or calculation overturn the 
hypotheſis of involution. Great and ſmall are merely re- 
lative terms; and we are acquainted with ſurprizing facts 
that lead us to this hypotheſis, a 3 © hp 
According to Haller, irritability is the principle which con- 
flitutes animality and produces life. The powder of the fla- 
i EE mia exciting the irritability, and occaſioning the fluids to be 
| impelled in the organized body, produces in- the vegetable the 
fame feet as the ſpermatic liquor in the animal germ. 
Haller did not admit irritability in vegetables. He 
could not therefore attribute to the powder of the ſta- 
mina that /imulating property which he acknowledges in 
the ſpermatic liquor of the animal: and yet, from M. F. “s 
expreſſion, it would be ſuppoſed that he does. But it was 
I, who, in my eſſay on the fecundation of plants, ſought to 
apply irritability to the fecundation of vegetables — not, 
however, till I had declared my ignorance of any fact 
which rigorouſly proves the exiſtence of irritability in the 
vegetable kingdom. Upon this occaſion, I threw out 
ſome logical reflections, calculated to cauſe the ſuſpenſion 
of the reader's judgment. Let me be allowed to obſerve, 
that no author in natural hiſtory has been more careful 
to diſtinguiſh conjectures from facts: but I do not believe 
that conjectures. are unwarrantable. I have therefore 
confined myſelf to ſhew how we may conceive the influ- 
ence of irritability in vegetables, ſuppoſing them to poſſeſs 
this property. M. F. read me too rapidly, and without 
reflecting ſufficiently upon my mode of arguing. More- 
over, the irritability of plants which I did but conjecture 
to exiſt, ſeems to have been well obſerved by the celebrated 
Gmelin in ſome ſpecies; but I was unacquainted with 
his obſervations in September 1774, when I was com- 
ſing my eſſay. That author, in his Diſſertation on 
Irricability, ſhews, that the antheræ, or ſummits of the 
ſtamina, appeared to him irritable, or at leaſt endowed with 
a property nearly approaching to the property of animals called | 
irritability. He adduces many inſtances exceedingly re- | 
markable, and, among others, that of the orchis. Toe 
1 | . ant heræ 
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had attained a certain height, and* the male 
plants could be diſtinguiſhed from the 
females, the former, which were four in 
number, were eradicated, and the two females 
only were preſerved. About twenty days 
before they began to flower they were carried 
into a room looking towards the ſouth, where 
they ſtood forty-two days. There were two 
windows in the room, which were always 
kept ſhut; as alſo was the door, except when 


antheræ of this plant, he obſerves, recently gathered, and 
irritated in a warm place, appeared to contratt, and then to 
relax, and to undergo a kind of tremulation. He adds, that 
he has frequently made the experiment, and that it akways 
ſucceeded, © 1 

According to Mr. Bonnet, the ſeminal fluid, in producing 
impregnation, effects only the evolution of what was already 
armed. | 10 N 

« This certainly is my opinion: but to ſay ſo much is 
ſaying nothing; for ſuch vague expreſſions do not ſerve to 
diſtinguiſh my notions from thoſe of other naturaliſts who 
reject the doctrine of Epigeneſis. I have reaſon to pre- 
ſume, that the worthy M. F. bas not ſtudied with any 
care the nature and the connection of my principles on 
generation. He was doubtleſs too much prejudiced with - 
the idea of generation being a myſtery not yet penetrated 
by the ableſt naturaliſts. God forbid that I ſhould have 
the preſumption to think that I have dtawn aſide the cur- 
tain that covers. the myſtery : I have only attempted to 
lift up a corner of this curtain. | 5 

= When we read the opinions of moſi naturaliſts, ds we not 
incline to believe, that each, out of affettion to his own ideas, 
flatters himſelf that he has divined the ſecret of Nature? 

« I muſt confeſs that there are phyſiologiſts and natural 
hiſtorians who deſerve this reproach ; but there are others 
who do not deſerve it; and M. F. ought to have excepted 
them. You have read me, and, what is more, have 
ftudied me. You, therefore, know whether I have ever 

opoſed my notions as a man, wha flattered himſelf that he 
bad Evined — F Nature.” 1223 | mer IVE. 

Vor, It: eee I went 


'S 
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I went in to water the plants. They thrived, 
notwithſtanding their confinement, on ac- 
count of the rays of the fun ſhining through 
the windows upon them ſeveral hours a day: 
Although this precaution ſeemed preferable 


to that of the French anonymous writer, 
who had placed his female plant upon a 
window, it did not fatisfy me. The pollen 
indeed ſuppoſed to be diſſeminated through 


the air at the flowering of the hemp-yards, 
could not very readily find its way into an 


apartment kept ſo cloſely ſhut, yet it cannot 
be afferted that its ingreſs was totally pre- 


vented; and yet it was of the utmoſt import 
ance to hinder it, at leaſt, from coming in 
contact with the flowers. . To attain this end 
effectually, when Iibrought the pots into the 
room I immediately introduced two branches 
of my two plants, upon which ſome buds 
were growing, into two glaſs bottles, with 
long necks and large bodies. The necks 


Were perfectly cloſed with maſtic, without 


injuring the branches. By being perfectly 


cloſed I mean, that all communication be- 


tween the external air and the infide of the 
bottles was cut off, as was evident from the 
following decifive proof. Along with the 
branch of hemp, I inſerted, for about 
five inches, an open tube of glaſs, which 
was imbedded in the maſtic; ie other end 
reer four feet from the neck of each 
bottle, and was immerſed in a baſon of water 


to the depth of ſeveral inches; but I had firſt 


taken care to fuck a portion of air out of the 


bottles. The water afcended to the height 
of a foot and three quarters into the tube, at 
which it conſtantly ſtood, being only ſubject 


— 
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to ſuch variations as are obſerved in baro- 
meters, for the tube was now actually 


changed into one of thoſe inſtruments. The 
permanent elevation of the water in the 
tube was a certain ſign, that no external air 


found its way into the bottles: had a ſtream 


of air made its way through the maſtic, or 


any part of the bottle, it is obvious, that the 
water in the tube muſt have deſcended to the 
level of the baſon. I muſt own, indeed, that 
I was obliged to renew the experiment ſe- 
veral times before I ſucceeded. With this 
apparatus I was certain that the external air, 
and conſequently that the pollen, which may 
be ſuppoſed to be diſperſed through it at 
the approaching doe of the hemp- 
yards, could find no acceſs to the confined 
branches. 1 4 
XXVII. But all theſe precautions ſeemed 
inſufficient to render the experiment quite 
unexceptionable. It was neceſſary, not only 
to remove all ſuſpicion of external pollen 
getting into the bottles, but likewiſe to 
watch whether any of this powder was pro- 
duced within. The botanical reader imme 
diately comprehends the reaſon of my appre- 
henfion. It has been obſerved by Linnæus, 
Haller, Duhamel, and others, that male lows 
ers are not very infrequently found upon fe- 
male individuals: a root of ſpinach, of which 
I ſhall PRE below, furniſhed me with a re- 


markable inſtance ; and the ſpecies in queſ- 


tion is ſubject to the ſame accident, as I was 
informed by Mr. Bonnet, in a letter dated 
Auguſt 15, 1778. The letter gave me no- 
tice of an experiment which he undertook 
upon hemp, after I Li communicated mine 

| 2 | | to 


——_— 
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to him. The paragraph to which I allude 
is the following: I began this year ſome 
experiments upon hemp. I have followed 

the method which I employed for rearing 
the lice of plants in ſolitude: My plants 
were covered with large tubes of glaſs, her- 
metically ſealed at the top, and with the 
bottom ſunk in the earth. But fortune did 
favour me—inſtead of a female I had a male 
plant in one inſtance, and in another a plant 
of great expectation, - after putting forth 
many flowers with piſtils, produced ſome 
with ſtamina, cloſe to the former, which 
totally diſconcerted the experiment. It 
therefore became me to watch diligently, 
whether any male flower was produced among 
the females; I therefore carefully examined 
twice a day, both with my naked eye and a 
glaſs, the confined branches, which were as 
open to inſpection, as if they had been grow- 
ing in the open air. In the mean time, I 
did 8 the other parts of my two 
plants. That the examiflation might be 
more certain, I ſtripped off all the branches 
except thoſe which were inſerted into the 
glaſſes, and took care to inſpect the ſtems as 
_eloſely as the branches. But I can aſſure 
the reader, with the utmoſt confidence, that 
the flowers which ſucceſſively made their ap- 
1 both on the bare ſtems and 
branches, were all female without a ſingle 
exception. For the ſake of perſpicuity, I 
will firſt deſcribe the trunks, and then the 
branches. The former began to put forth 


their flowers towards the end of Auguſt, at 


which time the hemp-yards were alſo in 
bloom. Notwithſtanding - their conſtant 
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confinement, they produced ſeeds, and ripen- 


ed them by the end of September. When I 


compared theſe ſeeds with ſome Which I. 


athered in the hemp-yards, I found that. 
Rey were ſmaller. Beides the number of 
ſeeds produced by the ſtems in the hemp- 
ards, were in like circumſtances conſidera- 
bly more numerous, than by the two ſtalks 
confined in my apartment. But notwith- 
ſtanding theſe. differences, the ſeeds grew 
nearly as well in the apartment as thoſe which 
grew in the open air, as I found by ſowing ſe- 
veral hundreds of both ſorts. Such are the 
reſults afforded by the two ſtems. . 
XXVIII. I am now to. relate what hap- 


pened to the two branches. The flowers, 


which nearly kept pace with thoſe of the 
trunks, were ſucceeded by ſeeds; towards 
the 2oth of September they had acquired 
ſuch a ſize, as inclined me. to think them 
ripe; I therefore reſolved to take the branches 
out of the bottles, and I found in fact, that 
more than an hundred were arrived at matu- 
rity; this was doubtleſs in ſome meaſure 
owing to their having received no moleſta- 
tian from the perſpirable matter, which was 
collected in large quantities in the belly of 
the bottles. By diſſecting ſome of the ripe 
ſeeds, and others that were more or leſs diſ- 
tant from this ſtate, I was enabled to make 
the following obſervations.: When the 
parts ſurrounding the leaſt forward are re- 
moved, a greeniſh. pyriform body preſents 
itſelf with two points like ſmall antennæ, 


which are the rudiments of the piſtils. In 


the pyriform body is contained a ſolid nu- 


cleus, ſemi- gelatinous, and conſiſting of an 


U 3 homo- 
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homogeneous ſubſtance. The nucleus in 
ſeeds further advanced, exhibits an excava, 
tion in the center, full of a liquid which, 
in ſeeds yet nearer maturity, is thicker; and 
in this inſpiſſated matter may be ſeen a white 
point, which 1s eaſily known to be the lobes 
and plantule. If ſeeds ſtill more advanced 
be analyſed, in opening of the lobes, which 
are bent into the ſhape of an arch, a cavity 
or depreſſion is obſerved, and in it are lodged 
two whitiſh dentated leaves, which are in- 
ſerted in the plantule, or rather ariſe from it. 
Theſe leaflets are larger in ripe ſeeds. Such 
were the appearances of the product of the 
branches; and ſeeds gathered in the hemp- 
yards furniſhed me with the ſame obſerva- 
tions. Hence I was obliged to infer, that 
Nature, in the production, or to ſpeak more 
properly, in the evolution of the ſeeds, had 
operated alike in the cloſed bottles, and in 
the open fields. | V 
I! ſaid before, that the ſeeds of the two con- 
fined ſtems were ſmaller and in leſs number, 
than of thoſe in the hemp- yards. I may: 
now add, that the ſmall ſize of the ſeeds 
that grew in the bottles was ſtill 'more re- 
markable, and that equal branches uſually 
produce twice the number. But I ſhall be 
afked, did ſeeds ſo much ſmaller and leſs 
numerous grow when they were ſown, To 
this curious and important point all my en- 
quiries tended. Of a hundred and fixteen 
feeds, which were all that ſeemed to be ripe, 
one half, viz. fifty-eight,” were ſet in a pot, 
and they all, except five, came uß. 
XXXIX. The reſult of another experiment 
correſponded perfectly with the foregoing: 
= 193 8 SET, | 3 T ough 
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Though a large quantity of pollen ariſes from 
the hemp- yards into the atmoſphere, at the 
ſeaſon of eee and is tranſported to no. 
inconſiderable diſtance, it is reaſonable to. 
ſuppoſe, that in the courſe of ſeveral months 
it muſt be loſt; for the rain and ſnow cannot 
fail to carry it down to the ground, and free 
the air from it: ſhould any continue to float 
in the atmoſphere, it will probably in time 
loſe its prolific virtue. This ſuppoſition, 
which ſeems well founded, as will be more 
particularly ſhewn in the ſucceeding chapter, 
induced me to make ſome female plants of 
hemp blow before the hemp-yards were in 
flower. With this view, I ſet at Pavia 
twelve hemp-ſeeds in twelve pots, before 
the middle of November; the ſeeds were 
ſome that remained of the B of the 
confined branches (XXVIII). Although 
the ſeaſon was unfavourable to vegetation, 
eleven out of the twelve germinated, and 
continued to grow, though but ſlowly, the 
whole winter, the pots having been removed 
into a warm room. When ſpring arrived, 
the windows were thrown open, and left ſo 
till I had occaſion for the plants. Mean 
while they continued to advance, and about 
the 20th of May, the male and female indivi- 
duals could be diſtinguiſhed. The former. 
were deſtroyed. The remaining females; 
four in number, were expoſed to the air and 
ſun on the outſide of a window. That I 
might examine with greater eaſe and cer 
tainty, whether any male bloſſoms were pro- 
duced upon theſe female plants, I cut away all 
the branches, and preſerved only the ſtalks, 
as in the experiment related in the XX V Uths 
e paragraph. 
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paragraph, But fortunately no flowers of 
this ſort ever appeared. Towards the end of 
May, flowers with piſtils began to appear, 
ſix weeks before the flowering of the hemp- 
yards beyond the Po (for there is no hemp 
raiſed in the neighbourhood of Pavia) and 
conſequently before the diſſemination of the 
freſh pollen. About the 8th: of June moſt 
of the ſeeds were ripe. They were quite as 
thick and large as upon the ſtems; reared in 
the fields; I ſowed ſeveral hundreds, and 
moſt of them germinated. One immediate 
conſequence may be deduced from theſe va- 
riations of my experiment. The perfect 
fructification of hemp is entirely independent 
of the action of the tecundating duſt, 
XXX. But enough of the experiments on 
hemp. I proceed to ſpeak, but much more 
briefly, of ſpinach (Spinacia Oleracea). I 
made ſeveral different trials with this plant in 
ene oo 1 9837 
In the firſt place, I tranſplanted in May 
jeveral roots. into my garden at Pavia. Ag 
ſoon as the different individuals could be diſ- 
tinguiſhed, I deſtroyed the males. The fe- 
males, although they remained alone in the 
garden, produced plenty of feeds, which, 
when ſown, germinated in great abundance.. 
At the time of flowering, I watched with 
great care, whether any boſſoms with fta- 
mina opened: my illuſtrious colleague 
and friend Counſellor Scopoli, alſo viſited 
my pinaches; but neither could that expert 
botaniſt or myſelf perceive ax. 
I next covered a plant of ſpinach with the 
receiver of an air-pump; the lower end was 


preſſed to ſome depth into the earth of the 
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pot. Thus the communication between the 
external and the internal air was cut off, un- 
leſs the former may be ſuppoſed to have 
found its way into the receiver, through 
pores in the mould. I made uſe of this ap- 
paratus a few days before the opening of the 
— but was obliged, in thirteen days, 
to remove the receiver, fer the leaves began 
to wither, probably on account of their on- 
finement. Several flowers with piſtils had 
in the mean time fet, and the appearance of 
the feeds promiſed that they would do well; 
nor was 1 deceived in my expectation, for 
they ripened perfectly, and when fown, came 
XXXI. In the Modaneſe and in the Mar- 
ao of Scandiano, the ſpinach raiſed by 
the people of the country, is uſually in flower 
from the 20th of May to the middle of June, 
ſo that the ſeeds are commonly gathered at 
the beginning of July. I took advantage of 
this practice to procure 1 — flowers, 
a long time after the bloſſoms with ſtamina 
had decayed. For this purpoſe; I ſowed ſome 
ſpinach towards the end of May; the female 
plants produced flowers with piſtils in Sep- 
tember, and many of the ſeeds came to ma- 
1 but many others were checked by 
the beginning coldneſs of the ſeafon : but 
thoſe which grew 'ripe were ſown, and they 
germinated, - Notwithſtanding, therefore, 
near ſix weeks had elapſed fince the falling 
of the ſtaminiferous flowers 1n the fields and 
| pn my ſeeds were productive. It is 
difficult to imagine, that the pollen could 
have been the cauſe of this fecundity ; and 
the rather, fince in ſpinach it is far from 
N ner, n l dend 
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9 5 
being in ſuch abundance, as to be capable of 
diſſemination, like that of hemp, far and 
wide through the air. My ſpinaches were, 
moreover, conſtantly kept in an apartment. 
XXXII. I nevertheleſs undertook another 
trial, which I believed would be deciſive; 
J had ſeveral young ſpinaches tranſplanted 
into pots in Auguſt at Pavia, one into each 
pot. Great attention being paid to them, 
they grew before winter to a conſiderable 
height. And being kept in a warm room, 
they made ſome further progreſs during the 
courſe. of this ſeaſon; and before the end of 
March, the female plants, which were three 
in number, began to put forth flower-buds- 
with piſtils. But here an accident, which 
is not very uncommon, and to which I have 
2lready adyerted (XXVII), occurred. In 
one of my daily viſits to my three plants, I 
perceived upon one individual an unexpected 
conjunction of male and female flowers; 
growing cloſe together, and forming very 
clagant o 0 
The blo oms with piſtils were very con- 
ſpicuous, but thoſe with ſtamina were ſo 
little advanced, that they could not be diſ- 
tinguiſhed by the naked eye. Both ſorts ap- 
peared to be equally numerous, but = 
union extended only to two branches—all the 
reſt bore female bloſſoms only. I may 
here incidentally remark, that the great a- 
bundance of the male flowers, in the preſent 
calc, is a very ſingular phænomenon. I have 
read in botanical writers, that a few male 
flowers are ſometimes found in company wi 
females, but never that they amount to an 
equal number, a circumſtance that excited 
ud | my 


my admiration with reſpect to this indivi- 
dual; for I counted two hundred and ſeventy- 
five male buds. This unforeſeen accident 
determined me to extirpate the plant. I con- 
fider it as very fortunate, that I obſerved it 
in time, while the male bloſſoms were yet 
in a very immature ' ſtate, - and conſequently 
before the pollen could yet have produced 
any effect. Having thus freed yet from 
the trouble of watching this extraordinary' 
individual, I continued to obſerve the two 
others; they produced only blofloms with 
piſtils. April was the ſeaſon of the maturity 
of theſe” bloſſoms, which is generally eſti- 
mated by their aptitude to be fecundated: it 
was earlier by thirty-five days, than the uſual 
flowering of this plant in the environs of 
Pavia. Before the end of May, the ſeeds of 
my two plants were almoſt all ripe. Every 
branch and every twig was loaded, and they 
were of equal ſize with the ſeeds produced. 
in the neighbouring: gardens the preceding 
rear. To complete the experiment, it re- 
mained to try whether they would germinate. 
Of a' hundred and fifty, choſen among the 
whole product as the fineſt, a e, and 
thirty-two came up; and of a hundred, 
which I afterwards ſowed, ninety- three grew. 
Theſe proofs obliged me to conclude, that 
the feuds, notwithſtanding the privation of 
the pollen, were producti tie. 
| XXXIIII. The next and laſt plant pro- 
ducing male and female individuals, which 
I mentioned, is annual mercury (mercuri- 
alis annua). Five very ſmall plants were re- 
moved from a garden, on the 22d of Auguſt, 
into five pots. They were managed * the 
Dis nnn 
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fame manner as the. ſpinach during the 
winter (XXXII), and were all ſo far ad- 
vanced at. the beginning of ſpring, that 
there was no difficulty in diſtinguiſhing the 
males from the females; of the latter there 
were three, and theſe alone were preſerved. 
By the 24th of March bloſſoms with piſtils 
appeared {agg ſeveral branches, growing out 
of the axillz of the leaves, and in a few days 
more the number was exceedingly increaſed... 
They were borne upon ſhort flower-ſtalks, 
and, as ufnal, conſiſted of two ſmall ſeeds 
reſembling teſticles. They were of a green 
colour and hairy. But here the event was 
juſt contrary to what happened in hemp and 
ſpinach. The greater part of the bloſſoms 

ropped prematurely; of the few that re- 
mained the ſeeds grew for ſome time, but 
fell before they were ripe, and when. town, 
they did not ſpring. As this took place 
before the.male plants in the gardens 100 the 
fields about Pavia were in flower, I began 
to ſuppoſe mercury to he one of thoſe-nume- 
rous vegetables, which cannot 152 gate the 

ſpecies without the powder of the ina. 
Net wen my three plants continued to put 
forth new branches, and the old ones, in- 
ſtead of withering, vegetated with great vi- 
our; but {till the feeds dropped premature- 
| - | This gradual evolution and production 
of freſh branches, was of ſuch long con- 
tinuance, that they ſhewed no tendency to 
decay, but were producing bloſſoms with 
iſtils when the mercury in the fields was 
n flower. I therefore began to entertain 
hopes, that the ſeeds now put forth, and 
' thoſe which ſhould follow, would ſucceed 
5 | | "Hey 
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better than the earlier ſeeds, more eſpecially 
as the pots were expoſed to the open air upon 
a window, and looked into a: garden, in 
which grew ſeveral male individuals of this 
ſpecies. But my expectations were diſap- 
pointed: as long as the three plants con- 
tinued to thrive, the ſeeds dropped almoſt as 
ſoon as they appeared; nor did one of thoſe 
that were ſown ever come up. I repeated 
the experiment two ſucceeding years with 
the ſame event. W 
VXXXIV. It therefore became neceſſary to 
vary the mode of conducting it. Being more 
confirmed in my ſuſpicion, that the ſterility 
aroſe from want of pollen, which, 0 
it was at no great diſtance, did not reach my 
plants, I determined to bring it nearer; with- 
out, however, ſetting individuals of the dif- 
ferent ſexes in the ſame place. Two male 
plants of mercury, reared the next year in 
two pots, were placed on the outſide of a 
window, and two females growing likewiſe 
in pots, were ſet on the outſide of another 
window. Both windows belonged to one 
room, and had the ſame aſpect. The four 
roots of mercury were nearly of the ſame age; 
and of the ſame fize. And I waited with great 


_ anxiety to ſee whether the females, on ac- 


count of their vicinity, would be impreg- 
nated by the males. The ſeeds were con- 
ſtantly falling, but not in ſuch abundance as 
in the former experiment,: when the males 
were at a much greater diſtance {XX XII1I). 
Thoſe which adhered went on thriving, and 
feemed as if they would ripen ; and they did 
accordingly arrive at maturity, and, what is 


of more conſequence, were productive; for 


ſoon 


= — 
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ſoon after I had ſown them in a pot, I had the 
leaſure of ſeeing. them ſpring. It there 
ore appeared probable, that the vicinity 
of the males to the females had been inſtru- 
mental in occaſioning fecundation: their in- 
fluence could ſcarce be derived from any 
fource, beſides the action of the contiguous 
pollen. fie 1 
XXXV. This experiment obviouſly re- 
uired another: it was proper to bring the 
ifferent individuals nearer to each other; I 
accordingly placed two males and two fe- 
males upon the ſame window. It now be- 
came manifeſt, how much influence the ap- 
proximation of the two ſexes has upon a 
cundation. The two females retained almoſt 
all the ſeeds which! were JH at this 
time, exceeding an hundred. The ſeeds 
grew perfectly ripe, and when put into the 
ground, were unfolded into as many plants. 
 XXXVI. The females having ſeveral 
branches in vigour, and ſtill continuing to 
vegetate, an experiment, the reverſe of the 
two preceding, ſuggeſted itſelf to me. I 
removed the pots in which the male plants 
rew into another chamber. This ſeparation 
erved further to corroborate the neceſſity of 
the pollen in mercury; for in conſequence of 
its entire removal, all the ſeeds afterwards 
produced, by the growing branches fell be- 
fore their time, and were unproductive. _ 
Moreover, it is by no means ſurprizin 
that females, at a diſtance from males, ſhoul 
be ſterile. The pollen is in too ſmall a quan- 
tity to be widely diſſeminated. The incon- 
ſiderable quantity which was afforded by ſe- 
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veral male plants, at a time when the an- 
theræ, viewed by the microſcope, appeared 
full, gave me ample proof of its ſcarcity. 
I ſhall make upon mercury another ob- 
ſervation, very neceſſary to be known. I 
have informed the reader, that moſt of the 
unimpregnated ſeeds wither and drop, while 
a few grow to ſome ſize, but are not pro- 
ductive (XXXIII). The ſcope of my. re- 
ſearches required that I ſhould examine, 
whether theſe ſeeds. conſiſt of lobes and a 
lantule. By analyſing them repeatedly, I 
ound that the ſeeds, which fall ſoon after 
the flowering, are full of an homogeneous 
and gelatinous ſubſtance, and afford no veſ- 
tige of plantule or lobes. But impregnated 
ſeeds, examined at the ſame period, that is 
to ſay, a little after the ſeaſon of flowering, 
exhibited the fame appearances. Many days 
elapſed before the lobes and the plantule 
could be diſcerned, an obſervation that is 
not confined to mercury, but extends to 
every plant hitherto examined Tee In 
thoſe ſeeds which made a tolerable progreſs 
in their growth before they fell, appearances 
were very different. They firſt became full 
of an almoſt fluid whitiſh matter, which 
was gradually inſpiſſated; and in the midſt 
of this matter, after ſome time, might be 
ſeen a little body, ſo ſoft as to adhere to the 
finger when it was touched; but it after- 
wards made ſome reſiſtance to the touch, and 
now evidently appeared to be the lobes and 
plantule ; which parts grew more conſpicu- 
ous and diſtinct as the ſeeds advanced. The 
plantule had the ſhape of a cone, dilated 5 
1 Ef Wards 
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wards the baſe into two flat circular bodies, 


which were the lobes. The fame was alſo 
the figure of the lobes and plantule con- 
tained in productive ſeeds. e 


nA VV; 


RECAPITULATION OF THE - PRINCIPAL 
CONSEQUENCES OF THE FACTS RE= 
LATED IN THE FOUR PRECEDING CHAP= 
TERS. , 


RxrFLECTION S. 


XXXVII. A LL theſe facts convey, in my 
opinion, inſtruction ſufficient 
to ſerve as a foundation for ſpeculating on the 


mode obſerved by Nature in the generation 


of plants. If we inſpe& the ovaria before 
fecundation, we find the ſeeds externally 
ſolid: they continue in this ſtate for ſome 


time after fecundation. They afterwards 


became hollow within; in the cavity ap- 


pears a ſmall body, not diſtinguiſhable at 


firſt, but afterwards known to be the embryo 


or the plantule with the lobes. The embryos 


ſometimes ſeems detached from the feeds, 
and floating in a liquid, and ſometimes is at- 


tached to them by one or more connecting 
* 


threads (II, III, IV, V, VI, VII, VIII, IX 
1, XIII. XXXVT). 
* AS 
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As theſe facts ſeemed favourable to the 


opinion of thoſe, who ſuppoſe the embryos of 
plants to pre-exiſt. in the powder. of the an- 


theræ, and thence to paſs into the ſeeds, Which 


therefore do not contain an embryo before 
fecundation; I was led to turn my reſearches 


towards the powder: I examined it with the 
microſcope, but could not by any means find 


that the embryos, or any beings analogous 
to them, are lodged in it (XV). Hence I 

roceeded to the expedient of interrogating 

ature in another manner : I endeavoured to 
prevent the acceſs of the impregnating duſt 
to the ovaria, ſuppoſing that ſuch means 
would furniſh the clue to this abſtruſe myſa 
tery. Three deſcriptions of plants were ſub- 
mitted to experiment; hermaphrodites ; thoſe 
which bear . ſeparately upon the fame indivi- 
dual, male Jo. female flowers ; and, laſtly, 
thoſe which produce both male and female 
individuals. The antheræ of the firſt were 


cut away before the ripening of the pollen; in 


the ſecond the male flowers were extirpated, 


and the female. individuals of: the third were 


inſulated. In the hermaphrodite plants it 
appeared, that the privation of the pollen 
oes not prevent the appearance of the em- 
bryo in the ſeeds, though the ſeeds are in- 
capable of germinating; in ſome plants the 
abſence of the pollen neither hinders the 
embryos from appearing, nor the ſeeds from 


being productive; the ſame obſervation is 


to be N to ſeveral plants with female 
individuals; but in other plants of the ſame 
claſs, the want of pollen renders the ſeeds 
ſterile, though the embryo appears in them, 
Vor II. ä (XVIII, 
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XVIII, XIX, XX. XXI, XXII. XXVI, 
XVII, XXVIII, XXIX, XXX, XXXI, 
XXXII, XXXIII, XXXIV, XXXV, 
The direct and immediate conſequence of 
theſe e ao ee for if the * Yo 
ars without the co-operation of the 
bas and if befides, in many caſes, the: 
ſeeds grow, it is clear that their exiſtence can 
have no dependence on the pollen; and upon 
thoſe occaſions on which the ſeeds do not 
grow for want of it, we can only ſay, that 
they ſtand in need of the condition requitate 


for their further evolution, as . the' fetuſes of 


animals do not thrive for want of ſeed, 
although they pre-exut in the ovarium of 
the female. Another conſequence not leſs 
evident is, that as the embryos do not belong 
to the pollen, they muſt neceſlarily appertain 
nnr... 11.2% nan 
Some naturaliſts, of no vulgar reputation, 
have ſuppoſed, that the embryos of plants are 
formed by two principles,” one contributed 


by the powder of the ſtamina, the other by 


the piſtils. But my obſervations, whack 
prove that the embryo has no dependence 
upon the pollen, clearly prove the falſehood 
of this ſuppoſition. ; „ 


XXXVIII. But the embryo; which I have 


ſhewyn to belong excluſively to the ovarium, 
may be conceived to belong to it in two ways. 
It may be formed of matter furniſhed by the 
parent plant, or it may pre-exiſt. Now, 
which of theſe ways are we to admit? An 


Epigeneſiſt, a Count Buffon, accuſtomed to 


view Nature under an angle proportional to 
his favourite ideas, would not probably heſi- 
| tate, 


„ ha. 
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tate, if the facts obſerved by me had paſſed 


under his inſpection, to embrace the former 


opinion. The embryo, not being at firſt viſi- 


ble in the cavity of the ſeeds, but appearing 
afterwards in the form of a gelatinous point, 
without any determinate ſhape, floating be- 


ſides, in a liquid without any perceptible con- 


nection with the ſeeds, continuing to grow 


and becoming organized in it Theſe argu= 


ments would no doubt be ſufficient to lead 
that famous naturaliſt into the belief of the 
embryo's formation in the ſeed; he would 
iquor in which it floats. But if we hy aſide 
all prejudice in favour of any ſect, and apply 
the ſtrict principles of logic, we ſhall find 


m that it is formed of the 


theſe arguments inadequate. In the firſt 


place, that a liquor, or any other inorganic 


ſubſtance, ſhould nouriſh and promote the 


growth of an organized body, is a propoſition 
eaſily conceived, and is indeed proved, by 
daily obſervations on ourſelves, on animals, 
and plants. But it is not ſo caly to conceive, 
that an inorganic and ſhapelefs body, whether 


chanical laws only: and with all his elo- 


quence, and by all imaginable efforts, the 
naturaliſt above-mentioned has never ſhewn, 
that one animal, or one vegetable, even among 


thoſe that appear the leaſt perfect, and the 


leaſt organized, -owes its origin to a mecha- 
nical appoſition of parts. Secondly, though 
the embryo does not appear i be organized, 
this is by no means a ſure proof that it is not. 


During the firſt hours of incubation, the orga- 


nization of the chicken is not perceptible 3 and 
yet we cannot doubt _ it is orgazined, if 
X 2 it 
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it can be proved to exiſt before fecundatior, 
Now Haller has given the proof of this with 

reſpect to the chicken; and I have given it 


with reſpect to newts,' frogs, and toads. It 


is therefore beyond all doubt, that theſe am- 


phibious animals are organized befort fecun- 


dation. But their organization is not then 
apparent; mere appearances would lead us 
to ſuppoſe them formleſs bodies; for we ſee 
nothing but ſpherules, conſiſting of a cover 
or fkin filled with a ſemifluid matter. The 
ſame ſeemingly inorganic ſtructure continues 
For ſome time after fecundation. The em- 
bryos of plants, then, may alſo be organized, 
although they do not appear to be ſo; and J 
have certain proofs that this organization, 
though not at firſt apparent, is actually pre- 
| ent. When I opened the ſeeds at the time 
the gelatinous point began to appear in the 
midſt of the liquid, and examined it without 
-uſing any method of preparation, I could diſ- 
cover nothing that had the appearance of be- 


ing organized; I ſaw neither lobes nor plan- 


tule, nothing in ſhort but a mucilaginous 
particle. But if I firſt boiled the ſeeds, this 
point oftener than once put on a different 
aſpect. It was not only no longer gelatinous, 
but when I turned it about, and preſſed it 
gently with the point of a needle, it would 
ee eee into two exceedingly minute 
pieces, in the middle of which was implanted 
a pointed atom: it was not very difficult to 
diſcover that gheſe parts were the lobes and 
plantule, as was {till more manifeſt when a 
5 N of great magnifying power ; Was 
employed. This point, therefore, proved to 
be organized at a time when it was not ſul- 
N 5 | | pected; 
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pected ; nor is this the firſt occaſion, on which 
the action of fire has been uſed as a conve- 
nient method of aſcertaining the organization 
of a body which had no ſuch appearance. It 
is well known to the cultivators of Natural 
Hiſtory, that the worms generated by thoſe 
winged inſects, uſually. called carrion flies, 


after having acquired, by feeding on putrefied 


fleſh, a 55 605 ze, are formed into an elon- 
„ in which the fly is gradually 

elaborated ; or, to ſpeak more properly, un- 

folded. If theſe bowls be opened a few days 


gated bow 


after 2 are formed, no lineaments of a fly 
preſent t 


tion. But the ſcene changes, if the bowls 


be boiled at different periods; on the third 


day the legs are viſible, on the fourth the 
wings, ſoon afterwards the proboſcis, and 
laſtly the animal perfectly formed. - Theſe 
obſervations were firſt made by Reaumur, 
and in years paſt I have amuſed myſelf with 
repeating them. . CFF 

ut the application of heat made me ac- 
quainted with another truth. By boiling I 


days before it uſually appears. I have not 
ſeen it indeed in ſeeds, containing a liquor in 
which the embryo floats, but in ſome of 


thoſe in which the liquor coagulates and is 


inſpiſſated. Several ſeeds were taken from 
the ſame ovarium, and ſome of them were 
boiled for a few inſtants, and the reſt left to 
themſelves. In the latter I could not diſcern 
the embryo, but it was plainly to be diſtin- 
uiſhed in the former. The difference aries 
rom the conſolidation of the particle, or the 


| X 3 embryo, 


emſelves to the ſight ; we find only 
a kind of pap, without any ſign of organiza- 


c 
diſcovered the point, or the embryo,” ſome 
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embryo, by the boiling water; in the © 
ſeeds it did not ſtrike the ght, on ace 
of its tranſparency and 5 ringer i 
XXXIX. I come to the objection derived 
from the inſulation of the embryo in the 
ſeeds; from this circumſtance it might be 
ſuppoſed to have no dependence ppon them, 
and conſequently to originate from the liquor 
in which it floats, The embryo certainly, in 
ſome caſes, ſeemed to ſwim at liberty in the 
liquor, nor could I diſcover any connection 
with the ſeeds, but on other occaſions I ma- 
nifeſtly diſcovered the connecting medium, 
as in the common bean, the 7 2 and the 
Syrian ſhrubby mallow ; it conſiſts of a mu- 
cilaginous filament, of which one end in- 


ther 


t 


x 


ſinuates itſelf between: the lobes, and is in- 
ſerted into the plantule, and the other end 
afſes. out of the lobes, and is attached to the 
inſide of the ſeed (VI. VIII. XIX). This 
filament probably conſiſts of a number of 
veſſels, defigned, like the umbilical cord in 
animals, to convey nutriment to the plantule 
and lobes, whether the nutriment be the 
liquor lying in the cavity of the ſeeds, filtered 
and rendered perfect in theſe veſſels, or the 
ſubſtance itſelf of the ſeeds, at the expence of 
which the lobes and plantule grow); for it 
conſtantly happens, that as theſe ate are 
enlarged, the internal ſubſtance of the ſeed is 
deſtroyed, and at length reduced to a mere 
ſkin, But beſides the manifeſt communica» 
tion formed by this filament between the em- 
hryo and the ſeeds,” I habe found, in more 
inſtances than one, that it communicates at 
other parts; as is obvious in broom, peaſe, 
kidney beans, chick pee (TV, VIL. IX), 


- 
- 


2 I have pr Au | ebe _ hog any 
ligament pafſing from the embryo to the ſeed; 
it is not therefore to be concladed, that there 
exiſts none, but that it cannot be diſcerned, 
either on account of its minuteneſs or tranſ- 
parency. For as the embryos, in which the 
fllament is vifible, are unfolded within the 


Cavity of the ſeeds, in the ſame invariable 


manner as 15 obferved by Nature, in embryos 
appearing without this connecting medium, 


Vie have juft reaſon to infer, that it exiſts in 
the latter as much as in the former. That 
the minuteneſs, and much more the tranſpa- 

rency of theſe cords, may hinder them from 


bn not to mention the proof afforded 
by the embryos themſelves before lll. 


ſubjected to the action of fire (XXX 


is confirmed, by a ſtriking inſtance, in the 
tadpoles of the fetid toad, while they as yet 


float in the liquor of the amnion: theſe tad- 


pun are provided with an umbilical cord, 
but which is not viſible on account of its 


_ tranſparency. 


As it is evident, therefore, that we have 
no foundation for ſuppoſing the embryo: to 
be mechanically formed in the ovarium of 
the plant, and as it has been moreover proved, 
that it does not depend upon the powder of 
the male, it remains to be- inferred, that it 
pre- exiſts in the ovarium. In favour of its 
pre-exaſtence we have another e ul 

ö ected by 


argument, in the communication 
the filaments between the embryo and the 


ſeeds; for hence it is clear, that the feed and 
the embryo compoſe but one organic whole. 
As then from all my obſervations it appears, 


that the ſeeds pre-exift in the ovarium long 


X 4 before 
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before the opening of the flowers, I ſee no 
reaſon why we: ſhould not aſſert the ſame 
thing of the embryos. FOE OUS? 


XL. The celebrated Muller, a gentleman 
of Denmark, made at Geneva, ſeveral years 
ago, under the inſpection of Mr. Bonnet, an 
obſervation, nearly approaching to thoſe re- 
lated in this Diſſertation. He found the 
ſeeds of peaſe arranged in rows within the 
pods before the opening of the flowers, and 
conſequently before the action of the polle 


had been exerted; but he was not ſolicitous to 
puſh his obſervation any farther, by examin- 
ing the inſide of the ſeeds, or by tracing the 


progreſs of evolution. The philoſopher of 
Geneva could not but deduce important con- 


ſequences from this fact. He began to reflect 
upon the nature of the ſeeds, that they were 


bodies admirably organized, bodies now in 


miniature what they were ſoon to be at full 
length; that, like all the parts of the egg 
taken together, all the parts of theſe bodies 


conſpire to form an organic whole. He 
juſtly concluded, that in the ſeeds of peaſe, 
ithewn'to him by the Danith naturaliſt, the 

lantule exiſted with its lobes, as in the egg, 


however diminutive, the embryo, with its 


covers, lies concealed. Hence he thought 
himſelf authorized to infer, that as the ſeeds 


of peaſe Exiſt before the expanſion of the 


bloſſoms, and, of courſe, before the aſperſion of 


the fecundating duſt, ſo the lobes and plan- 


tule pre-exiſt in like manner (a); the very 


ſame conſequence which I have above deduced 
trom-my numerous obſervations (XXXIX), 


(a) Palingenelie, T. 1. page 420, 421, 
N N may 


DISSERTATION In, 313 


I may poſſibly be aſked by ſome curious 
perſons, whether, after having abundantly 
roved, that the embryos of my plants exiſt 
Le fecundation, or, to uſe an expreſſion 
equally applicable: to thoſe which require 
the fecundating duſt, and thoſe: which do 
not, before the opening of the bloſſoms, 
I ever thought of having recourſe to ſome + 
contrivance for rendering them viſible before 
this period. It is proper to inform ſuch en- 
quirers, that the idea has not only occurred 
to me, but that I have put it in practice, 
though indeed without effect. I have taken 
the ſeeds out of the cloſe and compact bloſ- 
ſoms, and diſſected them under a powerful 
magnifier, but have never been able to diſco- 
ver any thing more than by a glaſs of inferior 
ower, that is to ſay, an homogeneous ge- 
latinous matter. I doubt whether the em- 
bryo might not be withheld from my view, 
more by its tranſparency, for the Jelly Was 
tranſparent, than its ſmallneſs. I boiled 
ſome ſeed for a little while, and ſteeped 
others in ſpirit of wine. The jelly was in- 
ſpiſſated in both caſes, but the embryo was 
not rendered conſpicuous. Coloured infu- 
ſions have ſometimes been employed by na- 
turaliſts, with the utmoſt advantage, to bring 
into view thoſe organs of plants, which are 
otherwiſe inviſible. By theſe means Mr. Bon- 
net has diſcovered the ſmall veſſels which ariſe 
from the embryo, and paſs in a ſerpentine di- 
rection through the ſubſtance of the lobes (a). 
J put ſeveral ſeeds into differently coloured 
infuſions, and they acquired, both externally . 
and internally, the colour of the infuſion. 
(4) Recherches ſur Puſage des feuille. 
PO 9 N 
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But the embryos were not rendered in the 
ſmalleſt degree perceptible. Thus unſuc- 
ceſsful did theſe various trials, as welt upon 
cloſed as expanded bloſſoms, prove, with 
reſpect to the embryos, nor were they more 
fortunate with reſpect to the lobes. Fhe 
ſame thing happened after the-falling of. the 
flowers, and the formation of the cavity ſo 
often deſcribed. The whole advantage 
gained by my applications aroſe from ſpirit 
of wine, which inſpiſſated the liquor of the 
cavity and. the embryo at the fame time; 16 
that it — * be diſcerned five or ſix days 
ſooner, as 1 collected from the examination 
of other ſeeds of the ſame age left on the 
plant. This reſult adds confirmation to the 
truth above eſtabliſhed, that the embryos 
are not generated, but 754 unfolded in the 
feeds [(XXXVIII, XXXIX). It moreover 
proves the extreme difficulty, I might fay, 
the impoſſibility of obtaining a view of the 
plantule before the 2 of the 'bloſ- 
ſoms. When ſpirit of wine enabled me to 
diſcern it, it was yet a moſt diminutive atom, 
notwithſtanding fifteen days had elapſed fince 
the opening of the bloſſom in which it grew, 
Now the plantule had, doubtleſs, in this in- 
terval, paſſed through ſeveral ſucceſſive ſtages 
of growth. And how prodigiouſly rapid is 
the growth during this firſt period! How 
inconceivably ſmall, | therefore, muſt | the 
plantule be before the opening of the 
flowers! Is it not then unreaſonable to hope; 
that we {hall be able to diſcern an object ſo 
exceſſively diminutive? _ "1848 
XLI. The illuſtrious Haller was the 
firſt who ſhewed, that in birds the fetus 


exiſts 
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exiſts before fecundation: I haye extended 
this diſcovery to different ſpecies of amphi- 
bious animals. Theſe facts led me to be- 
| lieve it probable, that the on IN 
takes place in all animals. What has been 
diſcovered in various individuals of the ani- 
mal kingdom, has been alſo obſerved in ſeveral 
ſorts of plants. I have therefore an equal right 
to draw the ſame concluſion with reſpe& to 
all plants. But if I may expreſs my deliberate 


[ 


1 


opinion on this important topic, I dare not 


affirm that the emhryos, in all caſes, exiſt be- 
fore the opening of the bloſſoms. Such a deci- 
ſion would be precipitate; we may learn from 
a thouſand examples the variety of Nature, 
even in thoſe operations which are deſigned 
to accompliſh the ſame end. I therefore only 
obſerve, that till the contrary ſhall be proved, 


we have juſt reaſon to continue in believing 


re-exiſtence to be univerſal. Hence we 
Fans a new and ſtriking point of analogy be- 
tween plants and animals, to be added to the 
many others' long known; and hence the 
ſuſpicion, that theſe two tribes of organized 
beings compoſe, perhaps, only one immenſe 
family, receives ſtrong confirmation, 

XLII. Bafil and mercury are two plants, 
which unite with many others, to ſhew the 
neceſſity of pollen to fecundation. The latter 
of theſe is particularly deſerving of the re- 
flections of the philoſopher, Female plants 
of mercury, at no great diſtance from the 
males, remain ſterile, becauſe the fecundating 
_ atmoſphere, if I may ſo ſpeak, of the latter, 
is not far difſeminated, on account of the 
ſmall quantity of pollen produced by them 
(XXX II, XXI). If the males be brought 


near 
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near the females, they bear ſome productive 
ſeeds (XXXIV); but if the males be placed 
1 almoſt in contact with the females, the 
6 greateſt part of the ſeeds will adhere and 
ripen and germinate (XXXV). Should the 

males be again removed, the females return 

it to their former barrenneſs (XXXVI). This 
1 experiment is exactly conformable to one re- 
1 lated by Duhamel and Bernard Juſſieu. Thoſe 
4 botaniſts having obſerved, that a female tur- 
pentine- tree, growing in a garden at Paris, 
remained conftantly barren for want of a male, 
notwithſtanding it flowered every year, de- 
termined to bring one near it. The very 
year they put their deſign in execution, the 
female bore a plentiful crop of fruit and pro- 
ductive ſeeds. But the following year the 
male, which grew in a pot, being carried to 
its former ſtation (a), the female relapſed 
into its accuſtomed ſterility (5). [13387 


(a) Duhamel Phyſique des Arb. T. J. 
5) There is growing in the Biſhop of London's garden, 
at Fulham, a male tree of this ſpecies, and in the botanic 
garden at Chelſea, a female. Some years ſince an attemp 
was made to fecundate the female, from which the fee 
always drop prematurely, by carrying ſome branches cut 
from the male, and fixing them upon the female. But 
the experiment, from whatever cauſe, proved unſucceſs- 
ful: whether the antherz had already ſhed their powder, 
or whether it was ſhaken off in carrying. Plants of the 
turpentine- tree are ſcarce and valuable; it would there- 
fore be an object, not only of curioſity, but of uſe, to ſuc- 
ceed in the fecundation of the female; and ſurely the ent 
may be attained, by a little patience and dexterity. Let 
ſome pollen, for inftance, be gathered, and carefully 
ſprinkled upon the female bloſſoms, according to the me- 
thod ſucceſsfully employed by Mr. Gleditſch, in impreg- 
nating the palm. T * * 
XLIII. 
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-+ XLHI: The ſucceſsful experiment of Mr. 
Gleditſch upon the palm, denominated Cha- 
mairopt, by Linnæus, and by Boerhaave 

Palmd dattylifera major, ſpinoſa, ſæmina, folo 
| Hlabelliformi, has been much celebrated. This 


alm, which grew in the Royal Garden at 


Berlin, and is perhaps ſtill growing there, 
had ms frust, — it 
Was eighty years old. The ſagacious natu- 
raliſt ſuſpecting, that the failure arofe from 
the want of a male plant in the garden, and 
having no opportunity of availing himſelf of 
the expedient employed by the two Acade- 
micians of Paris, had recourſe to the only 


alternative remaining. He procured ſome 


pollen from the male of the ſame ſpecies, 
and ſprinkled it upon ſome of the female 
bloſſoms. The event correſponded admira- 
* with the views of the curious obſerver. 
All the flowers that were touched by the 
pollen produced dates in proper ſeaſon, and 
from the ſeeds which were planted there 
ſprang an equal number of young palms; but 
the other flowers, upon which the influence 
of the pollen had not been exerted, loſt the 
greateſt: part of their fruit, while it was yet 
1mall, and in the little that remained, there 
was no ſtone, nor did the ſeeds germinate (a). 
One circumſtance attending this artificial 
fecundation deſerves to be mentioned. The 
pollen employed by the botaniſt of Berlin 
was not freſh, but dry; it had been gathered 
nine days. . . 
When I was making my experiments upon 
mercury, it did not occur to me to attempt 


(a) Acad. de Prufl, for the year 1767. 
artificial 


— — — 
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artificial fecundation; but I have not the leaſt 
heſitation in ſuppoſing, that my ſucceſs would 
have been the ſame as that of the Pruſſian 
naturaliſt. And as ſuch experiments, under 
the guidance of a philoſophical mind, cannot 
but throw great light upon the obſcure ſub= 
ject of the fecundation of plants, I exhort 
otaniſts to undertake them upon mercury, 
a plant, not confined, like the palm, to a few 
countries, but widely ſpread over the globe. 
I could wiſh, that, in the firſt place, if I may 
be allowed to expreſs my flender conceptions, 
the pollen of the mercury might be carefully 


examined, in order to diſcover what part of 


it is the immediate. cauſe of fecundation. I 
have already obſerved (XV), that it conſiſts 
of veſicles. In theſe'veſicles the. induſtry of 
enquirers has detected a ſubtile liquor, con- 
taining a multitude of globules. This ſimple 
obſervation has given riſe to ſeveral diſcor- 


dant opinions. Some have ſuppoſed the glo- 


bules to be the immediate agents of fecunda- 
tion; others have attributed this effect to the 
ſubtile liquor; nor have there been wantin 

others, who have imagined it to be produced 
by a fluid of exceſſive tenuity, a ſpecies of 
vital ſpirit, exhaling from the above-men- 
tioned liquor, which ſerves only as a vehicle 
to the fluid (a). A few delicate experiments 


would perhaps determine which of theſe 


opinions is the true one. With reſpect to 
the laſt, we might probably put it to the 


proof, by occaſioning the exploſion of the 


veſicles by moiſture, and expoſing the liquor 
they yield for ſome time to the air. = 


(a) Adanſon familles des Plantes, T. 1. 
| | will 
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will not now fecundate the female bloſſoms 
of mercury, it would ſeem, that it is effected 
by ſuch a ſpirit, or at leaſt the moſt ſubtle, 
active, and volatile part of the liquor, which 
by this time has evaporated. But ſhould 
fecundation nevertheleſs take place, inſtead 
of imputing it to the ſpirit,” it muſt be 
aſcribed either to the liquor or the globules, 
and then the reſult of my experiments upon 
animals would be verified with reſpect to 
plants: it would appear, that the efficient 
cauſe of fecundation is not the ſubtle, volatile 
part of the ſpermatic lquor, but the groſs 
ſenſi ble portion. Next, in order to learn 
whether the globules, or the liquor inde- 
pendent of them, produces fecundation, it 
will be neceſſary to ſeparate the one from the 
other, and touch different female bloſſoms 
with each; nor do I think, that a perſon ac- 
cuſtomed to delicate experiments, would find 
it very difficult to effect this ſeparation. 

XLIV. Mr. Adanſon lays it down as a 
certain truth, that the ſmalleſt particle ima- 
ginable of pollen falling upon the ſtigma; 
will produce fecundation — If this was 
really the caſe, the impregnation of plants 
. in this particular agree with that of 
ſeveral amphibious animals, for which 1 
have ſthewn an: infinitely ſmall drop of ſeed 
to be ſufficient. But this renowned Academi- 
cian mult allow me to remark, that what he 
advances is a mere hypotheſis, in ſupport of 
which he does not bring the ſmalleſt preſump- 
tion, much leſs any proof: nor does he offer 
either preſumption or proof of the exiſtence of 


(a) | 9 C. 85 ; 
this 
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this vital fecundating ſpirit in plants, not- 
withſtanding he aſſerts, that the embryos of 
animals are impregnated by a ſpirit of the 
ſame nature, iſſuing from the ſeed; an aſſer- 
tion which my experiments ſhew to be abſo- 
lutely falſe. Nothing, however, can be eaſier 

than to bring this hypotheſis to the teſt of 
proper experiments, by artificially fecundat- 
ing mercury. And were ſuch experiments 
diverſified, like mine upon animals, I have 
no doubt but that they would furniſh new 
and curious information. 

XLV. The ſeminal liquors of animals and 
plants poſleſs one property in common ; they 
retain their virtue for ſome time after they 
have been taken from their natural reſervoirs. 
The ſeed of frogs and toads preſerves its pro- 
lific power for ſeveral days after it has been 
taken out of the animals; and the ſame qua- 
lity was obſerved in the pollen of the palm, 
ſeveral days after it was ſeparated: from the 
plant (XLIII). But the feed of animals be- 
comes in no very long time inert. Are we 
to ſuppoſe that the ſame thing happens to 
the pollen after the dropping of the ftamina ? 
It we conſider the phyſical cauſe which, ac- 
cording to every appearance, deſtroys the 
virtue of the ſeed of animals, it would ſeem 
as if the inference was not very juſt. The 
teed of animals becomes unfit for fecunda- 
tion exactly in proportion as it putrefies; and 
if it can be preſerved from putrefaction, it 
continues to be prolific. This ſpecies of 

corruption does not ſeem ſo much to be ap- 
prehended in the pollen, or rather in the at- 
tenuated liquor which it contains. From 
the analyſis given by able naturaliſts we * 
| Nat 
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that the 1 is of an oily nature, and refuſes 
to mix with water (4). It appears, therefore; 


* 


not unreaſonable to ſuppoſe, that, Iike other ve. 


getable oils, it will keep for a long time; hene 
ſome may be induced to think that the pro- 
lific virtue of the pollen continues fo much 
longer than is generally believed; that there 
is nothing extravagant in imagining it to laſt 
for many months, nay for a number of years: 
But notwithſtanding its oily nature, which 
may ſeem likely to preſerve it from putrefy- 
ing, the following reaſons lead me to-ſappoſe 
that it ſoon loſes its protific power. In order 
that this liquor may produce its prop er effect; 
and the ſame obſervation is applicable to the 
globules and the ſpirit of Adanſon (XLIII), 
it muſt at the time ĩt acts on the ſigma iſſue 


from the veſicles, or have been — diſ- 


charged, for it is natural to ſuppoſe; that by 
5 to the injuries of the air it muſt be 
diſperſed, altered, and rendered unfit for fe- 
cundation. But this diſperſion and altera- 
tion muſt unavordably happen to pollen, that 
has been ripe for ſome time. According to 
Mr. Needham's obſervation, which has been 


verified as well by others as by me, that if the 


ripe pollen of any plant whatever be examined 
by the microſcope, we thall always perceive 
ſome veſicles from which the liquor has 


eſcaped; thoſe that ſtill retain it Will ex- 
plode if they be wetted; like an eolopile ſud- 


denly expoſed to a ſtrong heat. It is equally 
agreeable and ſurpriſing to ſee the ſucceflive 
exploſion of the veſicles, and the projection of 
the liquor, a few inſtants after the application 
2 (c) Gleditſch. 1. c. 1 


Vol. II 5 Y of 


. _ a Y . „* ow 
r 


J 


39 Ds E RTAT LON n, 


of water. From this experiment it appears, 
that the veſicles remaining after fecundation, 
whether they float in the atmoſphere or fall 
to the ground, cannot continue long without 
exploding and diſpelling their contents, be- 
cCauſe ſome veſicles Fall burſt ſpontaneouſly, 
and the exploſion of the -reſt will eri 
be occaſioned by vapour, dew, or at leaſt b 
rain. Theſe agents will, I am perſuaded, 
prevent the pollen from retaining its prolific 
virtue long after the ſeaſon of fecundation. 
That rain, in particular, is deſtructive of this 
quality evidently appears from thoſe plants, 
which, during the time of Rowering, are 
expoſed to violent rains, being either barren 
or hearing only unproductive . ſeeds. This 
failure is owing to the exploſion of the veſi- 
cles before they reach the ſtigma, the ſitua- 
tion in which they fecundate the embryos 
contained in the ovarium. 5 * 
However this may be, to return for one 
moment to the continuance of the virtue of 
the pollen, after the ſtamina are withered.— 
'The term. ought certainly. to be aſcertained 
both- in mercury and other plants. The 
ſubject is: highly intereſting. > 
XLVI. It has been uſually admitted as a 
decided point, that fecundation is effected by 
ſome veſicles, or, according to the common 
expreſſion, by ſome granules of pollen, which 
entering through. ho ſtigma into the ſtyle, 
advance into its longitudinal duct, E 


ſtopped by the narrownels of the paſlage, an 
moreover moiſtened by the juice oozing out 
from the ſides, they burſt and ſend forth the 
ſpermatic vapour, which penetrates as far as 
the ovarium, and impregnates the ſceds con- 
| tained 


* 
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tained in it. But this explanation has not 


had the good fortune of meeting with Ma, 
Adanſon's approbation ; not that he denies 
the pre-exiſtence. of the ſeed in the ovarium, 
nor that it is fecundated by the liquor of the 
pollen, or, as he calls it, by the vital ſpirit, 
reſiding in it. But he pretends that the vital 
12 does not paſs along this duct to the 
ceds, becauſe in many plants there is no ſuch 
duct exiſting. He allows, indeed, that in 
ſome plants, as in ſeveral of the liliaceous 
tribe, the canal extends from the ſtigma to 
the ovarium, but he aſſerts that it is other- 
wiſe in the greater number of other plants, 


which have their piſtils imperforated. In 


order, therefore, to explain the manner of 
fecundation, he imagines that his vital ſpirit, 
which in ſubtility and activity is equal to the 


electrical fluid, paſſes along the tracheæ that 


terminate at the ſurface of the ſtigmata into 
the placenta, whence it inſinuates itſelf into 
the ſeed, and fecundates the embryo-(a). 
The illuſtrious Bonnet, in a ſenſible and pro- 
found Memoir, entituled, [dees fur la Fecun- 
dation des Plantes (b), mentions the opinion 
of Adanſon, but appears little ſatished with 
his hypotheſis concerning the fracbeæ, on 
account of its being altogether precarious, 
although it is propoſed by the author asa well- 
aſcertained fact, and moreover finds great 


difficulty in admitting that. any piſtils are 


without a duct, and perfectly cloſed. Hence, 
prompted by his conſtant ardour for the in- 


(a) L. c. „„ 
(b) Inſerted in Rozier's Journaf for 1774, and re- 


printed in his works, 3 
N yo veſtiga- 
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veſtigation of truth, he takes oceaſion to ex- 
bort philoſophical botaniſts to examine this 
matter afreſh. Although it was not my pur- 
poſe, when I was making enquiries concern- 
ing the generation of plants, to enter upon a 
complete examination of the internal ſtructure 
of the piſtil, I did, however, occaſionally 
examine ſome. For this purpoſe I cut the 
piſtil tranſverſely into ſeveral pieces, and then 
placed them vertically under the microſcope. 
Thus I could aſcertain whether they were 
perforated or not. I found that ſome piſtils 
were completely perforated from the ftigma 
to the ovarium; in others, the canal did not 
reach above half the length, and ſometimes 
not ſo far down. Laſtly, in ſeveral other 
28 there appeared no perforation at all. 
Jpon the piſtils of mercury I made no obſer- 
vation, which, however, it would be proper 
to do; and then the validity of that hypo- 
theſis, according to which fecundation is not 
effected by the paſſage of a ſubtile impregnat- 
ing ſubſtance along the duct of the piſtil, 
but along the tracheæ, which terminate on 
the ſurface of the ſtigmata, may be ſcruti- 
nized. I could with that ſome pollen might 
be laid upon their ſurface, while care is, at 
the ſame time taken, that none enters into 
the aperture of the duct: and that on other 
piſtils the inverſe experiment might be at- 
tempted, that is to ſay, that ſome pollen 
might be introduced into the opening, while 
the ſurface remains untouched, and that we. 
might ſuſpend our opinion till we know the 
iſſue of the trial. ö | 5 ; 
XLVII. But although I could diſcern no 
duct in the piſtils of ſome plants, I am _ 
| Wit 
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with Mr. Adanſon, diſpoſed to think that 
there are none. While I fincerely with for 
knowledge extenſive as his, I ſhould be ſorry 
to reaſon in the ſame manner. I have found 
that the velicles or granules of pollen vary 
with the ſize of the plant, an obſervation 
which has been made and 2 many) 
ene ſince by other naturaliſts. Some are ſo 
large as to be perceptible by means of a ſingle 
glaſs; while others are ſcarce diſcerned by 
the aid of the microſcope. Hence I can be- 
lieve, without reluctance, that there are ſome 
which no aſſiſtance can bring under the cog- 
nizance of the ſenſes. If we ſuppoſe th 

duct in the piſtil to be the canal of fecunda- 
tion, its area will be proportional to the bulk 
of the granules which are to enter it: if they 
be large, the paſſage muſt be wide; if they 
be very ſmall or inviſible, the paſſage will 
probably be ſo alſo. According to this ſup- 
doſition then, we ſhall not be able to ſee the 
duct, ſhould it even exiſt. In order to de- 
termine whether my reflection be juſt, it will 
be only neceſſary to obſerve, whether the 
granules of pollen are inviſible when the 
piſtil appears to be without a duct. But 
mould the granules be perceptible, and the 
piſtils have no canal, as far as the eye can 
jadge, it would hence follow, that this is 
really the caſe, for it may eaſily happen, that 


the piſtil ſhall be examined at a time when) 


the duct is either not yet open or has cloſed. 


Let me at once illuſtrate and prove this pro- | 


poſition. In the Sponſalia Plantarum, which 
is without doubt one of the beſt diſſertations. 
in the Amwoentitates Academicæ, the celebrated 


Linnæus deſcribing the amours of plants 
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with great complacency, and in the ſame 
ſtrain in which another naturaliſt would de- 
ſcribe the amours of animals. He adduces, 
among other evident marks of the female's 
appetite for the male, the direction of the 
ſtigma towards the piſtil and its dilation, 
like the gaping of a ravenous dragon, long- 
ing for the pollen of the male, with which,. 
when it is ſatiated, it cloſes. Gratiola, theſe 
are his expreſſions, ro venereo ö e Pil. 
Fillum ſtigmate hiat rapacis inſtar draconts nil 
niſi maſculinum pulverem affettans; at ſatiata 
rictum claudit. He applies terms of like 
import to various other plants. The reader 
muſt by this time perceive, that what 
would obſerve is, that we may poſſibly miſs 
the exact ſeaſon of the female's ardour for 
the male; and then the aperture of the ſtigma 
will either be cloſed after ſatiety, or'not yet 
opened. Hence we ſhould falſely conclude, 
that theſe ſtigmas are without duds. A cir- 
eumſtance of the fame kind happens to various 
animals, particularly to ſome of theamphibious 
claſs, as frogs, toads, newts, of which the 
females have their oviducts quite free and 
open at the ſeaſon of their amours; but at 
all other times they are ſo narrow, that air 
can ſcarce be introduced into them by means 
of a ſmall ſyringe. If 1 ſhould be aſked, 
when the female is moſt ardent, and when 
of courſe, the ducts are to be ſought for, I 
would anſwer with Mr. Gleditſch, that at 
this period the delicate paßillæ upon the 
ſtigma are ſlightly covered with moiiture of 
the ſame kind as that which tranſudes from 
the veſicles of pollen, for then, according to 
that author, fecundation takes place. 
” XLVIII. 
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XLVIII. I have before obſerved, that the 
ſurface only of the ſtigma without the orifice 
might be touched with the pollen of mer= 
cury (XLVI). But I ſhould wiſh to know 
alſo, what would be the conſequence of 
touching other parts, as for inſtance the ſur- 
face of the ſtile. Fecundation might be alſo 
attempted upon the leaves and root of female 
mercury. This 1dea 1s not my own, but 
partly at leaſt Mr. Bonnet's, who obligingly 
communicated it to 'me ſome time fince, 
that I might put it to trial, but I have been 
| hindered by my other purſuits. Let us hear 
him in his own words: The author, (who 
is, as he ſuppoſes, M. Fougeroux, ſee the 
long note at paragraph XXV), *© finiſhes his 
Memoir with ſome ingenious views, which 
to him appear worthy to be followed up: 
J earneſtly wiſh you could undertake this 
taſk: He would be glad, for inſtance, that 
attempts were made to fecundate female 
plants by the root. This idea certainly de- 
ſerves to be brought to the teſt of experi- 
ment. But the root is at a great diſtance ' 
from the flower, and the impregnating ſpirit 
muſt travel far before it can reach the ova- 
rium. It would be therefore proper to try 
the ſhorter road of the leaves, and above all 
of the petals.” 

XLIX. But it is time to proceed from 
mercury to other plants, not leſs worthy of 
the attention of the naturaliſt. In mercury, 
as well as in baſil, we haye ſeen the neceſſity 
of pollen to fecundation, The pumpion or 
gourd with ſhield-form fruit, the citron 
pumpion, hemp, ſpinach, exhibited a phæ- 
nomenon directly contrary: they produced, 
' £6: T4 | without 
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without the influence of the male duſt, ſeeds 
capable of perpetuating, the ſpecies. And in 


2 * 


order to be fatisfied that the duſt had no 


ſpare in producing the effect, recourſe was 
had to the moſt vigilant precautions, and the 
moſt deciſive proofs. The pumpion with 
ſhield-form fruit flowered in a place many 
miles diftant from any plant of the ſame or 
a neighbouring ſpecies: moreover, the male 
flowers were all plucked off at their firſt ap- 
pearance (XX, XXI). The fame precau- 
tions were uſed with reſpect to the other 
fpecies of pumpion, with the addition of a 
third cel of the external air to the 


female flowers, was prevented during all the 


— 


time, in the courſe of which they muſt, in 
the opinjon of botaniſts, be impregnated by 
the pollen; for this purpoſe the bloſſoms 
and branches were introduced into glaſs 
bottles perfectly cloſe (XXXII). Various 
recautions were likewiſe taken with hemp. 
In the firſt place, ſeveral female individuals 
were ſhut up in an apartment, from three 
weeks before their flowering to the time of 
the ripening of the ſeeds. Secondly, ſome 
branches were incloſed in bottles for the 
fame fpace, as in the citron-pumpion. 

hirdly, ſome female ſtalks were made to 
lower tix weeks before thoſe which grew ein 
the hemp-yards. Laſtly, I aſſured myſelf, 
that no male bloſſom ever grew upon the 
females (XXVI, XXVII, XXVIII, XXIX). 


Precautions of the fame kind were obſerved 


with reſpect to fpinach ; ſome female plants 
were SE in a garden, in which there were 
no males; by the pot was completely 
covered With a Slaſs receiver, when the 

| Rte | flowers, 


* 
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flowers with * were in bloſſom; thirdly, 
_ bloſſoms. with piſtils were procured earlier 
than the uſual appearance of bloſſoms with 
ſtamina in the gardens and fields: laſtly, 1 
took care to ſatisfy myſelf, that none of the 
females ever 8 any male flower 
(XXX, XXXI, XXXII). One circumſtance 
relative to hemp I muſt not omit to repeat ; 
the ſeeds of individuals confined in an apart- 
ment, were leſs. numerous. and ſmaller than 
of thoſe which grow in the open air. 
theſe defects were ſtill more remarkable on 
thoſe branches which were introduced inta. 
bottles (XXVII, XXVIII). Are we to ſup- 
poſe, that theſe defects aroſe from want of 
pollen? Iam little inclined to admit ſuch 
a ſuppoſition; it is far more probable, 
that they were owing to confinement in an 
apartment, and what was ſtill more unfa- 
vourable, in bottles: hence the plants, and 
conſequently the ſeeds could not attain the 
ſame degree of perfection as thoſe, which in 
the fields enjoyed the benefit of freſh and 
open air, and were ſubject to the direct in- 
fluence of the folar rays. My opinion is 
ſtrongly confirmed by thoſe plants which 
flowered ſix weeks earlier than the others, 
and, notwithſtanding the abſence of the pol- 
len, produced perfect ſeeds as large, and in 
as great abundance as thoſe of the Gia 
yards, becauſe they were conſtantly expoſed 
to the kindly influence of the air and ſun 
(XXIX). From theſe obſervations on hemp, 
pumpions, ſpinach, compared with others 
made on baſil, mercury, palm, turpentine, 
&c. &c, it may in general be inferred, that 
it a great number of plants require the Payer 
| | er 
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der of the male, in order to fructify, in many 
others fructification has no dependence on 
this powder. And although we are as yet 
acquainted with a few only belonging to the 
latter claſs, it will doubtleſs increaſe in pro- 
portion to the number, application, and ſa- 
gacity of thoſe who ſhall employ themſelves 
in cultivating this branch of the Natural 
Hiſtory of vegetables. OS 

L. But by affirming, that there are plants 
which bear productive ſeeds independently 
of pollen, I am aware, that I ſhall incur the 
difpleafure of all modern naturalifts and bo- 
taniſts. They will exclaim againſt me with 
the utmoſt indignation, and reproach me 
with having advanced the moſt abſurd of all 
poſſible propoſitions. I ſhall betold, that from 
the days of Cæſalpinus to the preſent hour, 
every naturaliſt of diſtinction, Grew, Ray, 
Camerarius, Morland, Geoffroy, Vaillant, 
the ſuſſieus, Duhamel, Adanſon, Bonnet, 
&c. &c. have admitted the two fexes of 
plants, and the neceſſity of both to fecunda- 
tion—that the prince -of modern botaniſts 
has conſecrated an entire eſſay to the celebra- 
tion of the amours of plants, and to the de- 
ſcription of their ſexual parts—that upon 
this diſtinction of ſex, as upon a ſolid and 
immoveable baſis, he has founded the great 
edifice of his famous Sy/tem of Nature—that 
in conformity with this theory he defines 
the bloſſoms, the organs of generation in 
plants, which are fubſervient to the impregna- 
tron of the ſeeds —that in the eſſay, to which 
J have referred, he ſhews, that the duſt of the 
ſtamina is not diffuſed, till the ſtigma of the 
piſtil is in a fit condition to receive its in- 
15 fluence 
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fluence—that the piſtils are always diſpoſed, 
with reſpe& to the ſtamina, in a fituation 
favourable for the reception of the pollen- 
They will bring to my recollection the proof 
of the neceſſity of the piſtils and ſtamina to 
fecundation, deduced - from experiment; for 
if the ſtamina or piſtils of hermaphrodite 
flowers be cut away before the time of blow- 
ing, fructification will infallibly be prevent- 
ed; and the fame failure is obſerved when- 
ever the ſtamina are converted in petals, 
or the piſtils are expanded into little leaves. 
Finally, they will adduce, in full confirmation 
of theſe aſſertions, the various inſtances of ar- 
tificial impregnation, ſucceſsfully attempted 
by different naturaliſts upon various ſpecies 
of plants, by means of pollen. From all 
theſe conſiderations, it would ſeem no longer 
to be queſtioned, that the fecundation of 
plants, in conſequence of the action of pollen, 

is one of the moſt univerſal laws of Nature. 

LI. Such are the objections which I ſeem 
to hear urged againſt me by the learned and 
worthy maintainers of ſexualiſm. I muſt, 
however, inform them, that I was not un- 
acquainted with theſe arguments, when I 
made my experiments upon plants. I knew, 
moreover, that ſome of them were directly 
oppoſite to experiments related by the north- 
ern Pliny; as that, for inſtance, deſcribed by 
him in the following terms. Cannabem 
flores maſculos tantum ferentem, f1 ante di- 
vellit ruſtica quam cannabis ſeminifera flores 
piſtilliferos non aperuerit, nullam aut ſane 
exiguam portabit ſeminum copiam (a). I 


{a) Spons Plant 
alſo 


3 DISSERTATION ili. 
alſo had in view an aſſertion, nearly alike, of 


the Iuſtrious Duhamel 1 in his Ph ague des 
Arbres. It has been ob erved, ſays e, that 


an inſulated 2 of ſpinach produces but a 
y 


very little capable of 1 When 
I firſt read this writer, 1 gave full credit to 
his aſſertion, for I had no reaſon to doubt of 
it; and even quoted it in a note on the Con- 
templation de la Nature, tranſlated by me, and 
publiſhed at Modena, in the year 1770. 

Theſe reſpectable authorities ſerved only 
to render me more diligent, cautious, and 
aſſiduous in my experiments. They had not 
ſuch influence as to make me adopt an opi- 
nion, contrary to that to which facts pointed : 
nor ſhall they now hinder me from making, 


with proper deference, ſuch ſtrictures upon 
the inſtances juſt quoted, as are ſuggeſted by 


the diſpaſſionate love of truth. To begin 
with the fact mentioned by Linnæus, it does 
not appear that he made any experiment upon 
hemp ; he ſeems merely to have adopted the 
vulgar notion, according to which, if the 
male hemp be pulled before the flowering of 
the female, the latter will produce either no 
ſeeds at all, or only very few. To ſhew the 
falſeneſs of this notion, I have only to advert. 
to my experiments, in which every ſtalk of 
hemp proved fruitful, though they were all 
kept fo cloſe, as to be perfectly exempt from 
the influence of pollen—not to mention the 
common practice, in the territories of Reggio 
and Modena, of pulling the male plants at a 
period, after which the females grow vigour- 


ouſly for ſeveral weeks, and bear productive 


ſeeds. I intreat the learned reader to call to 


mind the twenty- fourth paragraph, in hs © 
this 


DIS SERTAT 1:0) N- RE: 333 


this ane is deſcribed; and alſo to compare 
the force of my obfervations on hemp, With 
the few contrary expreffions of the late Upfal 
Profeſſor, and then to decide. I give the 
fame anſwer. to DuhameT's intimation con- 
cerning ſpinach. If that illuſtrious naturaliſt 
had deduced the barrenneſs of this plant 
when inſulated, from experiments of his own, 
I would have diſcuffed them, and have ren- 
dered them all the juſtice they would have 
deſerved ; but he barely mentions the com- 
mon ſuppoſition, which is contradicted by 
the facts adduced by me. eel | 

With reſpect to the diffuſion of the pollen, 
which was the firſt of the three arguments in 
favour of the fexual ſyſtem, only at a time 
when the ſtigma is in a fit condition to re- 
ceive it; and with reſpect to the favourable 
poſition of the ſtamina and piſtil, the philo- 
ſopher will immediately perceive, that theſe 
are by no means direct proofs of the ſexual 
ſyſtem, but mere conſiderations relative to 
convenience, calculated, if I may employ the 
expreſſions of the great Verulam, rather ta 
allure, than to extort aſſent. | 

LIT. Of the ſecond. argument,. deduced 
from the failure of fructification, when the 
ſtamina or piſtils are either cut away or dege- 
nerate, I muſt. take the liberty to obſerve, 
that ſuch inſtances do not prove that theſe 
parts are the organs of generation, but merely 
that they have ſome concern in this function, 
as well as many other parts, which yet have 
never been ſuſpected to be. appropriated to 
generation. The only facts which clearly 
evince the diſtinction of ſexes in plants, are 
inſtances of the failure of fructification in 
0 _ females 
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females placed at a diſtance: from males, and, 
of artificial fecundation, which was the third 
argument adduced. But ſhall we conclude, 
with theſe worthy naturaliſts, that ſuch facts, 
of which ſo few are known, in. compariſon 
with the immenſe multitude of plants, are. 
ſufficient to eſtabliſh an univerſal diſtinction 
of ſexes? Is it not, on the contrary, evident, 
that they have deduced a general concluſion 
from particular premiſes? They ought at 
. moſt to have allt no more than that, conſi- 
dering the cloſe analogy which plants of dif- 
ferent claſſes, genera, and ſpecies, bear to 
one another in their properties, and that as a 
diſtinction of ſexes has been demonſtrated in 
ſome individuals, it probably extends to 
others. Thus, from my diſcovery of the 
fetus's pre- exiſtence in the female of different 
amphibious animals, and from a like obſer- 
vation made on birds by the great phyſiolo- 
giſt of Berne, I ſuppoſed that I might juſtly 
infer, that the ſame pre-exiftence'extends to 
other animals. After I had found, that the 
embryos of ſeveral plants exiſt before the ap- 
pearance of the flowers (XLI), I made the 
ſame inference with reſpect to all others. 
But the favourers of the ſexual ſyſtem are 
not warranted, by ſo inconfiderable a number 
of facts, to eſtabliſh it as an univerſal law, as 
others have done, beſides Linnæus, who, 
without limitation, defines flowers, the organs 
of generation of plants, which are ſubſervient 
fo the fecundation of the ſeeds. Hence he at- 
tributes to plants as many males, or huſbands, 
as there are ſtamina. But before he ſo de- 
cifively determined the number of huſbands, 
he ought to have been. ſure that they per- 

5 | torm 
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form the office. If this far-famed naturaliſt 
had ſacrificed leſs to nomenclature, and more 
to the ſpirit of inveſtigation, he would have 


been led to ſtudy the parts of flowers more 


philoſophically and more profoundly; hence 
be would have been better enabled to aſcer- 
tain the truth or falſhood of his ſyſtem: but 
he was in too great haſte to erect his own 
ſyſtem upon the ruin of Tournefort's; and 
his eagerneſs has not, perhaps, been highly 
advantageous to the philoſophy of botany. . 

LIII. Among various particulars concern- 
ing the generation. of plants, which I com- 
municated to Mr. Bonnet, in a letter dated 
October the 18th, 1777, and alluded to in a 
note, at paragraph XXV, I mentioned ſome 
experiments, which were then indeed im- 
perfect, but ſeemed to. ſhew, that in ſome 
plants the fecundity of the ſeeds was totally 
independent of the powder of the ſtamina. 
Hence I concluded, that botaniſts in general 
had been guilty of a ſpecies of ſophiſm. Al- 
though 5 85 I then wrote to my illuſtrious 
friend was but a ſketch of thoſe experiments 
which I afterwards undertook, yet he ac- 
cepted it with complacency, and admitted 
my concluſion, notwithſtanding his opinion 
was before different. In his anſwer, dated 
November the 29th, the ſame year, he ſet 
forth the reaſons why he had adopted the 
ſexual ſyſtem, and ſubjoined the following 
acknowledgment,. which amounts to a pane- 
oyric on his candour. I am, however, 
ſufficiently convinced by your: experiments, 
that all the great naturaliſts whom I have 
enumerated, as well as myſelf, were deceived. 
We had all formed a hafty deciſion, and 
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drawn a general concluſion from particular 
premiſes. We, had deduced the neceſſity of 
the pollen in fecundation, from experiments 
executed on different ſpecies of plants; 
whereas we ought only to have ſaid, that 
it ſeems to follow, from theſe experi- 
ments, that in ſuch ſpecies the influence of 
the pollen appears to be neceſſary to fecun- 


os I, 


dation. | 
LIV. Such indeed is the fatal rock on 
which the genius-of ſyſtem-makers uſually 
ſplits,—They illogically deduce * a pro- 
poſitions from particular proofs. Finding 
that certain parts are common to a number 
of plants, and that in them they perform 
particular functions, and have particular pro- 
pn they determine, with wonderful faci- 
ity, app? ſame things take place in all 
other plants: and on theſe parts performing 
ſuch functions, and endowed with ſuch pro- 
perties, they found their ſyſtem of botany, 
without perceiving, that before the ſyſtem 
can have ſuch an unlimited generality as the 
pretend, they ought to be acquainted with all 
the plants of the earth. But how many are 
et unknown? How many more than are 
nown? With what propriety then can the 
whole vegetable kingdom be comprehended 
under one law? Does the organic world 
afford a ſingle law, which can be called uni- 
verſal? Have not the laws, which haſtily and 
imprudently were eſtabliſned as univerſal, 
been found not to be really ſuch? The learned 
botaniſt, Necker, in his Phyſiology of Moſſes (a), 
ably points out this defect of ſyſtem- makers, 


(a) Phyſiclogia Muſeorum, Manhemii, 1774. 


In 
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in which he diſtinguiſhes them from obſerv- 
ers; not indeed with great purity of ſtyle, 
yet with the utmoſt juſtneſs of ſentiment.. 
«© Alterum ſyſtematicum, alterum obſerva- 
torem diſtinguimus. Ille non niſi quibuſ- 
dam plantarum ſpeciebus univerſa ſtabilit ſyſ- 
temata: I particulari ad univerſale concludit, 
i, e. omnibus globi terraquei vegetabilibus 
eaſdem proprietates ac 11s que experimentis 
explorata ſunt, tribuit. Obſervator omnia 
| theotetica rejicit ſyſtemata, ſolis obſervati- 
onibus necnon experimentis innixus, Natu- 
rim perſcrutans: perfectio botanices ab indi- 
viduorum ſingulorum inter ſe affinium eorum- 
que identicorum characterum notitia eſſen- 
tialiter pendet. Ea proportione notitia hec - 
acquiretur, qua obſervatorum numerus, qui 
valde exiguus, augebitur ſyſtematicorumque 
cumulus minuetur. Certum indubitatum- 
que quod ſyſtematicum ingenium precipua 
cauſa fit cur de modico prefectu botanices 
dolemus. Syſtemata botanica cum tempore 
exoleſcunt, quia Natura ac experientia potiſ- 
ſimum non nituntur.” . 

LV. That Nature ſhould follow a different 
proceſs in different plants— that ſome ſhould 
require the influence of pollen in order to 
multiply the ſpecies, while it is not neceſſary 
to others, is perfectly conformable to what 
we every day obſerve in animals to which 
they are ſo analogous. Numberleſs animals 
are incapable of multiplying, without the 
concurrence of both ſexes, or, at leaſt, with- 
out the intervention of that liquor, upon 
which depends the immortality of the ſpe- 
Cles; as is evident in man, quadrupeds, birds, 
ſhes, reptiles, and inſects. But a vait num- 
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ber, on the contrary, propagate without ſuck | 
means; as for inſtance, the poLYPEs ; under 
which denomination is included an immenſe 
variety of ſmall animals, 1 the bot - 


tom both of the freſh water, of ditches, 
ponds, puddles, and of the ſalt water of the 


' fea. To theſe may be added, the lice of 


plants, a moſt comprehenfive claſs; whole 
armies dwelling on a fingle individual. The 
animalcules of infuftons, moreover, agree 
with the lice of plants and polypes, in the 
mode of propagating the ſpecies. I have 
ſhewn, in my ißt ef/ay, relative to the na- 


- Fural hiſtory of vegetables and animult, that 


many ſpecies are multiplied by a natural di- 
viſion of the body, ſome fplitting into two 
portions, fome into four, ſcme into fix, and 
others into eight, &c.—that ſome are ovi- 
parous, others viviparous, and that all are 
itrietly hermaphrodites, each individual pro- 
pagating its kind, without needing the con- 
currence of another. Thus it may, and really 

does come to paſs in ſome plants, which mul- 
tiply without the influence of the fecundating 


LVI. One objection, however, may be 
ſtarted, and it would be inconfiſtent with my 
impartiality to ſuppreſs it. It may be urged, 
by the advocates of the ſexual ſyſtem, that 
although at the time I was making my expe- 
riments upon the pumpion with ſhield- form 
fruit, the citron pumpion, ſpinach, and hemp, 
J was perfectly certain that the pollen. had 
no acceſs, yet it might previouſly have im- 
regnated the ſeeds. It may be ſaid, that the 
emale individuals might have been fecun- 
dated ſeveral ycars before, and that by this 
| fingle 
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ſingle act, not only the ſeeds of the current 
year, but thoſe of ſeveral ſucceſſive genera- 
tions, might have been fecundated. 12 
I This objection is only a repetition of what 
was modeſtly ſuggeſted by the illuſtrious 
Trembley, to Mr. Bonnet, when he made his 
celebrated diſcovery of the hermaphroditiſm 
of the lice of plants. }/ho nous, ſaid that 
naturaliſt, ſo. cautious. and deliberate in his 
deciſions, buf that one copulation may ſerve for 
many generations (a)? Although my excel- 
lent colleague acknowledges x queſtion to 
be altogether gratuitous, yet, as it was put 
by a Trembley, he was anxious to repeat his 
obſervations; and he juſtly concludes, that the 
ſuſpicion is entirely removed by the pro- 
duction of ten ſucceſſive generations without 
copulation ( With reſpect to my plants, 
I muſt frankly acknowledge, that I did not 
obtain from any of them more than three 
generations without the intervention of pol- 
len. Nor did the nature of the thing allow 
me .to ſatisfy my curioſity ſo ſoon as Mr. 
Bonnet, for he, in the ſhort ſpace of three 
months, obſerved ten ſucceſſive generations; 
whereas not leſs than ten years. muſt. have 
paſſed, before I could have obtained an equal 
number in the ſubje&s of my experiments. 
I have not, therefore, been able to derive ſuf- 


(a) Bonnet Corps Organ. p. 311. Ed. in 4to, 

(5) Notwithſtanding Mr. Bonnet has diſcovered and 
publiſhed this fact ſo many years ago, and notwithſtanding 
it has met with no oppoſition from any obſerver, Linnzus 
advances, in his Syftema Nature, and in the laſt edition 
of 1767 repeats, this ſcandalous propoſition. * A copula 
parentum fœcundas naſci filias, neptes, proneptes, ab- 
neptes aſſeverant entomologi. 1 

: | Z 2 ficient 
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ficient information from this ſource; yet I 
can adduce conſiderations weighty enough to 
overturn the objection. In the firſt place, 
all Nature does not afford a ſingle inſtance, 
wherein one act of fecundation ſerves for 
ſeveral generations. The only caſe, concern- 
ing which any ſuch ſuſpicion has ariſen, has 
been abundantly cleared from it. Secondly, 
we have inſtances of many ſucceffive gene- 
rations, without copulation or fecundation, 
as in the polype with arms. From the body 
of this ſpecies ſprout ſmall polypes, which, 
during their evolution, produce other ſmaller 
polypes, and theſe again others {till ſmaller, 
and ſo on: hence we have at laſt a ſeries of 
generations, growing one out of another, and 
all ſupported by the mother polype, of which 
we are certain, that ſhe has never had any 
fort of commerce with her fellows ; becauſe 
the was torn, while yet very ſmall, from the 
body of another, and ever afterwards kept in 
the moſt perfect ſolitude (2). Since, there- 
fore, we obſerve fo many ſucceſſions in ani- 
mals, independently of the action of any ſemi- 
nal principle, why may not, or rather why 
muſt not, the ſame thing take place in ſome 
kinds of plants? We have no fact which 
proves a number of ſucceſſive generations 
in any organized body, to be the effect or 
the reſult of an antecedent act of fecun- 
gm. 2 | | : 
LVII. Although the many facts which I 
have related, compel me to reject the action 
of the powder of the males in ſeveral plants, 
yet I dare not altogether deny the poſſibility 


(a) Trembley, Polypes d'eau douce.. LEST 5 
O 
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of fecundation. What I mean to inſinuate 


is, that in the courſe of my frequent medi- 


tations uponithis important ſubject, a doubt 
has ariſen in my mind, whether the ſeeds in 
the ovarium may not be fecundated by ſome 
ſeminal principle reſiding in the piſtil. I 
have frequently ſeen upon the ſtigma of cer- 
tain plants, a kind of powder exceedingly 
like that of the ſtamina, though I had at 
the ſame time clear proofs, that. the Jatter 
had not yet burſt from the anthere, But I 
did not, I muſt own, make any careful ob- 


ſervations on this ſubject. My ſurmiſe was 
however ſtrengthened by reading in Kal- 


reuter, not without ſurprize, that the pro- 
perties of the ſeminal powder belonging to 
the ſtamina, are exactly the ſame as thoſe of 


the matter furniſhed by the piſtil. Now I 


have ſometimes doubted, whether the duſt 
of the ſtigma may not produce the ſame ef- 


fects on ſome plants, as that of the ſtamina. 


on others. But this is a mere ſuſpicion, 
which it would give me great pleaſure to ſee 
confirmed or deſtroyed by ſome able obſerver. 
And as I am ſpeaking of the ftigma, let me 
add, that I with this organ were more care- 
fully examined, then it has ever yet been; 
great attention ſhould be paid, in order to 
determine whether it is imperforated or not 
in ſome plants (XLVI, XLVII). Such re- 
icarches, united with others relative to the 
ſtamina, would contribute to diſſipate the 
miſt which covers the fecundation 9 

As I have derived great advantage in my at- 


empts to illuſtrate this function in animals, 


from artificial fecundation, I cannot but 
gain recommend the fame means; nor do I 


2 3 doubt, 


plants. 
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doubt, but that they will throw as much 


light 1180 lants as upon animals. 


EVI y theſe exhortations, ſuggeſted 
by an unfeigned defire of attaining. truth, 
and extending the limits of botannical know- 
ledge, I wiſh to induce naturaliſts to ſtudy 
in a more philoſophical manner the natural 
hiſtory of plants. The ligneous ſpecies have, 
it is true, been much illuſtrated by the pro- 
found enquiries of Grew, Malpighi, Hales, 
Duhamel, and Bonnet; but the herbaceous 
kinds ſo much exceeding the others in num- 
ber, and ſo deeply intereiting to mankind, 
on account of the ſuſtenance they afford, 
have been hitherto almoſt totally neglected. 
We have at moſt a bare nomenclature, in 
Which their different parts are deſcribed ac- 
cording to the ſyſtem adopted by the author. 
I do not on this account condemn nomencla- 
tures ; the neceſſity of them is evident, ſince 
it is impoſible to enter upon a rational inveſ- 
tigation of plants before we are acquainted 
with them ; and we cannot be acquainted 
with them without the ſcience of names (a). 
J obſerve only, that nomenclature gliding 


(a) Beſides being obliged to learn the nomenclature, 
(whence it may be called the grammar of natural hiſtory, 
and thoſe who teach it the grammarians) we are under 
the neceſſity of uſing it when we write, if we wiſh to be 
generally underſtood. - Thus, in treating of plants and 
animals, unleſs they happen to be the moſt common of all, 
it would appear, that at preſent we cannot do without Lin- 
næus. If, at leaſt, we make uſe of the names in his Sy/- 
tema Natura, whatever glaring defects that work may 
contain, we are ſure of being underitood by all Europe. 
I faid plants and animals; for fofjils we uſe Cronſtedt and 
Wallerius, as the claſſical authors, | ES 


along 
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along the ſurface of things, is incapable of 
furniſhing ſuch information, as will Det 
the curioſity of the profound enquirer, 
advance our knowledge of the vegetable king- 
dom. The bodies of Nature are not fimple, 
but exceedingly complex; Muſchenbrock - 
juitly compares them to a clock, conſiſtin 
of many wheels, and encloſed in a caſe, 8 
prevents us from obtaining a view of the fize 
and mutual dependency of the wheels, and 
the various actions of the ſprings, To ſee, 
therefore, the internal parts, and eſtimate 
them properly, it becomes neceſlary to open 
the caſe: we mult do the ſame ey: reſpect 
to natural bodies, and not be contented wath 
barely inſpecting the outſide, but endeavour 
to penetrate further, and inveſtigate the won- 
ders lying within. When the firſt minera- 
logiſts characteriſed the productions of the 
foſſil kingdom, by difference in colour, in 
tranſparency, opacity, by roughneſs or 
ſmoothneſs, by their granulated or fibrous. 
ſtructure, &c. they held out only ſuperficial, 
vague, and, for the ngoſt part, fallacious no- 
tions. Before they could be properly under- 
{tood, it was neceflary that chemiſtry ſhould 
ſearch theſe productions by its analyſis. 
What this ſcience has done for foſſils, ana- 
tomy has performed for animals. We cannot 
but acknowledge the greateſt obligations to 
Swammerdam, Redi, Valliſneri, Reaumur, 
Lyonet, Daubenton, and, above all, in the 
. claſs of inſects, to the immortal Malpighi, 
whoſe diſſertation on the ſilk- worm 1s a tiſſue 
of diſcoveries, and may be juſtly conſidered 
as alone ſuperior to all the nomenclatures of 


inſects hitherto publiſhed. I could with that 
1 the 
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the ſame attention, which ſo many able natu- 
raliſts have beſtowed upon reſearches con- 
cerning foſſils and animals, was paid to her- 
baceous plants. Their ceconomy, the prin- 
cipal object of natural hiſtory, ought, above 
all, to 5 the aim of our enquiries. But it 
will be impoſſible to fulfil ſuch an intention, 
till a careful examination has heen made; 
both of their internal and external ſtruc- 
ture (a). I am aware, that reſearches of this 
nature require quickneſs of apprehenſion, 
pertinacity of attention, fertility of reſources, 
exactneſs of judgment, the utmoſt vigilance 
in noticing the phenomena, and no leſs ſaga- 
city in diſtinguiſhing them; theſe requiſites 
do not ſeem indiſpenſably 'neceflary in the 
learned nomenclator, who is generally conſpi- 
cuous chiefly for memory; and this is the true 
reaſon why, at a time when we are rich in 
nomenclators, ve are poor, nay beggars, in 
obſervers. But it is only by ſuch laudable 
exertions, and ſuch valuable accomplith- 


(a) Thoſe who, from a deſire to ſerve the public, and 
to contribute to the progreſs of human knowledge, ' {hall 
apply to the ſtudy of plants, and indeed of minerals and 
animals alſo, would do well, in my opinion, to follow the 
example of Erxieben, a late celebrated academician of 
Gottingen. Mr. Koeftner, Preſident of that reſpectable 
academy, draws, in his elogy, the following exemplary 
character of him, and ſubjoins a very juſt. reflection, 
« Hiftoriam Naturalem, quam vocant, judicabat (Erxle- 
ben) animalium, plantarum, foſſilium, non catalogum efle, 
ſed phyſicam. Itaque horum corporum ſtructuram, ana- 
lyſim, proprietates, uſus docuit, non neglectis tamen notis 
quarum ope velut in indices poſſent referri. Quos indices 
ſolos qui memoriæ mandant aut ad evolvendos illos manus 
habent exercitatas, fruſtra ſibi perſuadent, librum ipſum 
Natur Je tener. . Fes” 

ES ments, 
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ments, that we can hope to advance any far= 
ther in this noble ſcience, and to increaſe the 
ſtores of uſeful knowledge. I cannot, there= 
fore, but fet an higher value upon the genius 
of thoſe naturaliſts, who confine their atten- 
tion to ſome part of natural hiſtory not yet 
ſufficiently elucidated, than upon the art of 
thoſe, who only employ themſelves about 
nomenclatures; and I have the pleafure of 
agreeing in opinion with thoſe great men, 
whoſe moſt earneſt wiſh is for the greateſt poſ- 
fible improvement of ſcience, and who, while 
they recommend it, with patriotic zeal, to o- 
thers, advance it themſelves 1n their immortal 
productions. Not that theſe illuſtrious 
writers deſpiſe nomenclature, which is ſo ne- 
ceſſary, that it may be called the key of the 
three kingdoms ; but they confider the pur- 
ſuits of nomenclators as not of the molt uſe- 
ful tendency, becauſe the defire of compre- 
hending, in voluminous nomenclatures, hike 
ſo many Briareuſes, the whole of Nature, as 
more than one have attempted, ſeems to them 
equally preſumptuous and puerile. If Men 
would go about to diſcover things, and not 
words; if they would inveſtigate Nature, and 
bring to light ſome part of her inexhauſtible 
ſtores, they would render far greater ſervice to 
the ſcience which they cultivate, and deſerve 
better of the republic of letters. Leſt this re- 
preſentation ſhould appear exaggerated, I will 
adduce, from among many reſpectable autho- 
rities which are at hand to confirm it, thoſe of 
the incomparable d'Alembert, and of the ſub- 
lime contemplator of Nature. ** We by no 
means wiſh to reſemble that tribe of natu- 
raliſts, who have been ſo juſtly. cenſured by 
a mo- 
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a. modern philoſopher ; inceflantly employed 


In dividing the productions of Nature into 


era and ſpecies, they ſpend in ſuch la- 
hours the time which would much better be 


dedicated to the ſtudy of their properties.” 
Such are the expreſſions of the former in that 


moſt maſterly production, the Preliminary 
Dzſfertation to the Encyclopedia. I ſhall con- 


clude with the words of the latter. © What 


ought we to think of thoſe pompous zomen- 


elatures, which are arrogantly offered to us as 
the Siem of Nature? The idea of a ſcholar, 
Who attempts to ſorm the index of a large 


folio, of which he has read only the title and 
the firſt pages, immediately ariſes in my 


mind. And are we in poſſeſſion of even the 


firſt pages of the book of Nature? How 
many paſſages do they contain which we do 


not underitand, and of which the hidden 


meaning probably contains intereſting truths? 
I wiſh not to extirpate nomenclators ; they 
ſtrive to give our knowledge ſome arrange- 
ment; but I will venture to ſay, that a mere 
nomenclator will never make any great diſco- 
very. I will add, that I ſet an higher value 
upon a good treatiſe concerning a ſingle in- 
ſect, than upon a whole entomological no- 
menclature.— Meditate the admirable hiſ- 
tory of the polype, peruſe the fine memoirs 
on inſeas, and then compare the uſefulneſs 
of theſe productions with that of the moſt 
boaſted nomenclatures. Of which would 
you ſooner chule to be the author? Which, 
think you, imply molt ſagacity, genius, and 
invention, and have the greateſt tendency to 
improve anatomy and natural hiſtory? We 
ought, in my opinion, not to be ſo anxious (9 
2 ö make 


+ 
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make the 3 of human knowledge, as 
to increaſe it. Let us collect more materials 
before we think of erecting a temple to Na- 
ture. She will elſe refuſe to dwell in it. In- 
ſtead of correſponding to her majeſty, it will 
only be proportional to the meanneſs gf the 
architect (a). LC 


(a) Contemplation de la Nature, 
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AN ABRIDGEMENT OF MR. DEMOUR'S 
OBSERVATION IS TO BE FOUND IN THE 
FRENCH MEMOIRS FOR 1741, p. 28. IN 
THE MEM. FOR 1778, PRINTED IN 1781, 
P. 13, WE FIND THE ACCOUNT IN HIS 

- OWN WORDS. THE TITLE Is, 08 
SERVATION DE DEUX ANIMAUX, DONT 
LE MALE ACCOUCHE LA FEMELLE. 


HE eulogies of Naturaliſts upon the 
induſtry of animals. are boundleſs. It 

has been pretended, that man is indebted to 
them for the uſeful arts; and ſome are ex- 
travagant enough to affirm, that even the 
moſt abſtracted ſciences have been borrowed 
from brutes (a). According to Pliny and 
ſeveral other naturaliſts, the idea of bleeding 
was ſuggeſted to phyſicians by the hippopo= 
tamus; and that of injection by the ſtork, 
which, on account of the great ſervices it 
rendered them, was formerly une by 
the Egyptians. The bear and the dog 
ointed out the advantage of emetics; the 
7 by ſwallowing ants, the latter by eat- 
ing the leaves of dog's graſs. Happily for 


(a) Giovanni ee e Parti liberali e mechaniche, 
come ſiano ſtate dagli animali irrationali, agli Huomini 
dimoſtrate. 3 

medicine, 
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medicine, the fact recorded in this Memoir; 
was unknown to theſe naturaliſts, otherwiſe 
they would not have failed to afcribe the 
origin of the art of midwifery to the animal 
in queſtion. h 

One evening during the dog-days, I ob- 
ſerved near ſome ſteps by the great baſoh in 
the king's garden, in which I at that time 
occupied the office of demoſtrator, and keeper 
of the cabinet of Natural Hiſtory, two land 
toads of the ſmaller ſpecies (a) in the act of 
copulation. I faw that the male frequently. 
moved his hind legs; a defire to diſcover the 
cauſe of theſe movements led me towards 
the place, where I was ſurprized by two 

hænomena, which I believe have not been 
hitherto noticed. The firſt was the diffi- 
eulty with which the female brought forth 
her eggs, which was ſuch that ſhe abſolutely 
required foreign aid, what no other animal 
with which we are acquainted does. The 
ſecond phenomenon was the efforts made by 
the male to extract the eggs with his kind 
feet, and his thus performing the office of att 

J could not conceal my ſatisfaction at a 
ſpectaele ſo uncommon. My attention re- 


doubled, and I ſeated myſelf quietly on the 


ground, in order to obſerve more accurately 
and eſpecially to watch whether the male 
impregnated the eggs as he extracted them. 

o underſtand the operation completely, 
it muſt be remarked, ff, that the fore as 
well as hind feet of theſe animals are di- 
vided into ſeveral toes, by the help of which 


{a) Rubeta minor. Geſneri. 


the 


wy 


HE 
the male draws the eggs out of the vent of 


the female. 
Secondly, that theſe animals copulate like 
frogs, 1. e. the male gets upon the female's 
back, and embraces her with his fore feet. 
In the frog the feet are long enough to clafp 
the female completely, whereas in the toa 
they reach only. to the fide of the breaſt, 
againſt which the animal preſſes with ſuch 
force, that an ecchymoſis often takes place 
before he quits his ſituation. as 
I muſt obſerve in the third place, that the 
eggs of this ſpecies of toad conſiſt of a ſtrong 
membranous cover, within which the etn- 
bryo is contained. The eggs are about two 
lines long, and of an oblong ſhape; they are 
con by a ſhort and ſtrong cord. A 
pretty juſt idea of theſe eggs may be con- 
veyed, by comparing them to a necklace, of 


which the beads lie at about half their own | 


length from each other. They are dif- 


charged at the vent, becauſe the receptacle | 
in which they were contained, opens into 


the lower part of the rectum. 


There is reaſon to ſuppoſe, that the firſt 
egg is expelled by the exertions of the fe- 
male, and that the male extracts the reſt. He 


performs his office with an addreſs that one 
would not expect in an animal naturally ſo 
aukward. When his motions drew my at- 
tention, he had extracted the ſecond, and 
was endeavouring to extract the fucceeding 
egg. The firſt was fixed between the toes 
of the right foot, by the filament Which 
connects it with the ſecond, and it was by: 
ſtretching out the foot, that he drew them 
from the anus of the female, which con- 

| i tinued 
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tinued motionleſs during the whole time, 


He tried to lay hold of the cord with his 


left foot, and made ſeveral attempts before 
he ſucceeded. My preſence undoubtedly 
ſometimes drew off his attention : for 
he would now and then ſtop ſuddenly, and 
look at me with an air expreſſive either of 
inquietude or fear: then he would reſume 
his employment with freſh alacrity, and ſoon 
relax again ſo much in his ardour, as to ſeem 
irreſolute whether he ſhould proceed or not. 
The female alſo teſtified her diſquiet by 


movements that diſturbed the operations of 
the male, but ſhe never ſeemed defirous of 


returning to the ſtation under the ſtone 
which ſhe had quitted. | 

At laſt, whether from my filence and im- 
mobility, or from the urgency of the caſe, 
the female became ſtill, and the male re- 


ſumed his employment: he ſoon laid hold of 


the cord with his left toes, and now drew it 


out with both feet, by extending them gently. 


When he had ſtretched them out as far as he 


could, he withdrew the left foot, without 
quitting the eggs that adhered to it, and con- 
tinued to extract with the right alone. But 

here his difficulties recurred a ſecond time. 
The portion of cord that lay between the 


middle fingers of the right foot, often pre- 


vented him from getting hold of a new part 
of the cord with that foot. He made ſeveral 
efforts without ſucceſs, and ſtopped of a ſud- 
den oftener than once. I was afraid, that the 


movements of my head were the cauſe of theſe 
interruptions, and I then fat motionleſs, and 


clincd to attribute them to the difficulty = 
o. 


— 


held in my breath. Sometimes I was in- 
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the operation itſelf; this tempted me to aſſiſt 
the animal, but I forbore, for fear of break 
ing off the proceſs. My attention had hither- 
to been divided between two objects; While, 
on the one hand, I admired the dexterity of 
the male; I watched on the other, whether 
he bedewed the eggs with ſemen as he ex-. 
tracted them, but as yet I could not ſee 
any appearance like this, though it ſeemed 
abſolutely neceſſary to the fecundation of the 
eggs, and was, at the ſame time, the chief 
object of my curioſity: I thought the want 
of light might prevent me from ſeeing. it, 
and therefore, at all hazards, ſet them on my 
hand, that I might inſpe&t them more 
cloſely. - FT 
This change of ſituation put a ſtop to the 
procedure of the male for a few moments; 
but the urgent neceſſity for delivering the 
female, doubtleſs made him collect courage 
to reſume his employment. I now tried only 
to obſerve, whether the male impregnated 
the eggs as he drew them out ; but notwith- 
{ſtanding all my ſolicitude to fee a phæno- 
menon, of which the water-newt had before 
furniſhed me with an example (a), I could 
not perceive any thing like What I expected. 
The evening now cloſed in, and after obſerv- 
ing them for about half an hour, I was forced 
to ſet them down in the place from which I 
had taken them. _ 1 


(a) The female newt is impregnated without coition. 
The male keeps at about the diſtance of an inch above 
the female, and throws out the ſeminal liquor upon her 
ſides, which renders the water a little turbid. This ob- 
ſervation is to be found at the end of the firſt volume of 
my tranſlation of the Edinburgh Eflays. _ - 
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My meeting with theſe animals was one of 
thoſe fortunate occurrences, of which a natu- 
raliſt alone can eſtimate the value. It afforded 
me the view of a fact, ſingular and hitherto: 
I believe unnoticed. Fhe aſſiſtance. yielded 
by the male I faw diſtinctly; but it was quite 
otherwiſe with reſpect to the other part of 
the obſervation. I could not, with all my 
attention, perceive any thing like what Swam- 
merdam ow in frogs, viz. that after forty 
days of coition the male impregnates the eggs 
as the female diſcharges them, by bedewing 
them with femen. | 

Though I could not perceive this irrora- 
tion, yet there is reaſon to ſuppoſe, not only 
that it is neceſſary for the fecundation of 
this ſpecies of fry,” but alſo that it takes 
place in the ſame manner as in the frog. The 
exact conformity between the ſtructure of the 
internal parts of theſe animals, between their 
mode of coition and their embryos, which 
in each kind paſs through the ſtate of tadpole 
before they attain the form of frog or toad, 
ſtrongly confirms this conjecture. I ſhould 
therefore ſuppoſe, that the male performs this 
function at ſome other time. He probably, 
as well as the frog (a), bedews all the eggs at 
once, which he can not accompliſh when he 
has them entangled about his feet. In truth, 
the waſte would be too great if he impregnated. 
them ſuccefiively, and in this caſe a great 
guantity of ſemen would fall on the ground, 
and my hand, upon which the male operated 


(4) How far this ſuppoſition is to be admitted, the 
reader may learn from the firſt of the preceding diſſerta- 
tions, Is I Ds 
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for about a quarter of an hour, muſt have re- 
ceived ſome. | . 
This obſervation apprized me of a miſtake 

I had formerly committed. During the two 
lait years of M. Duverney's life, I aflifted him- 
in his anatomical labours; and I had once 
occaſion to ſeek by candle-light for newts, 
which the heat and drought of the ſeaſon 
confined in their places of retreat in the day- 
time. Near a reſervoir, conſiſting of a barrel 
that projected eight or ten inches above the 
ſurface of the ground, I perceived a toad of 
the ſpecies above- mentioned, with a bundle 
of eggs on his back. The animal traverſed 
round the barrel to no purpoſe; the edge was 
too high for him to diſcharge his burden into 
the water. I took it up with an intention to 
relieve its diſtreſs, by throwing it into the 
wates; in an inſtant I felt ſomething move 
in my hand, and upon bringing the light 
near I perceived ſeveral little tadpoles juſt 
come out of their envelope; they were very. 
lively, and as full formed as tadpoles of frogs 
that have loſt their tail, and which conlſe-. 
quently have quitted their cover fifteen days. 
The cord of eggs was ſo entangled in the 
hind feet, that the animal could make but 
very ſhort ſteps. At that time I ſuppoſed 
it to be the female, but the obſervation which. 
T have now related proves, that it muſt have 
been the male which is charged with the 
cares that attend incubation. Nature, in 
the preſent inſtance, has divided the toil 
that relates to the progeny equally between 
the two ſexes. The female has the burthen 
of the eggs before delivery, and likewiſe 
ſupports the male upon her back, probably 
A a 2 for 
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for forty days, as in the frog and water toad. 


The male, in his turn, delivers the female, 
and carries the eggs on his back till the time 
of the excluſion of the tadpoles, which hap- 

ens ſooner or later, according to the ſeaſon, 
and he then depoſits them in a proper place: 
He throws himſelf into the ft water he 
meets, and is frequently the victim of pater- 
nal attention. If he gets into a place whence 
he cannot eafily find his way out, he periſhes 
in a few days, as J have ſeen in many inſtances. 
This fpecies, which Ol. Jacobæus conſiders 
as the Rana phrynozdes of Geſner, and which 
ſome authors call Rubeta minor, in order to 
diſtinguiſh it from the common toad, which 
they denominate Rybeta major, is incapable 
of living in water after he has once quitted 
it. He paſfles the former part of his life in 
water, and the latter upon dry land. This, 


according to Geſner, was known to the an- 


cient naturaliſts, who affert the ſame thing of 
the common frog. | | 
The ſpecies here mentioned quits his en- 
velope in the form of a tadpole without a tail; 
at this time it has gills, and lives in water 
like fiſhes: there it continues till the gills 
begin to be effaced, which happens as ſoon as 
the fore- feet burſt through the membrane 
which contained them: when the animal can 
walk or jump it ſeeks a different element, 
and quits the water before its tail is entirely 
effaced. | 


Dis- 
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DisCovERIES ON THE SEX OF BEES, EX- 
PLAINING' THE MANNER IN WHICH 
THEIR SPECIES IS PROPAGATED; WITH 
AN ACCOUNT OF THE UTILITY THAT 
MAY BE DERIVED FROM THOSE DIS- 
COVERIES BY THE ACTUAL APPLICA- 
TION OF THEM TO PRACTICE. Bx 
MR. Joun DEBRAW, APOTHECARY TO 

ADDENBROOK'S HOSPITAL AT CAM- 
BRIDGE, AND MEMBER OF AN OE CO- 
NOMICAL SOCIETY IN THE PRINCIPA- 
LITY OF LIEGE, IN WEsSTPHALIA. 
COMMUNICATED BY THE REv. NEviL 
MASKELYNE, B. D. F.R.S. AND AS- 
TRONOMER ROYAL, 


| Reap Nov. 21, 1776. 
T* E republic of bees has at all times 


gained univerſal eſteem and admiration: 
their culture, an object ſo worthy of our at- 
tention, has attracted and ſtill does engage 
that of many of the learned, and has arrived 
at a conſiderable degree of improvement of 
late years; but their mode of propagating 
their ſpecies, ſeems to this day to have baffled 
the ingenuity of ages in their attempts to 
diſcover it. The moſt ſkilful naturaliſts have 
been ſtrangely miſled in their opinion, that 
the bees, as well as the other tribes of ani- 
mals, are perpetuated by copulation ; though 
they acknowledge that they have never been 
able to detect them in the act. 
Pliny, who was likewiſe of the fame opi- 
nion, that in this particular they do not differ 
„ | from 
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from other animals, obſerves, Apium 
coitus viſus eſt nunquam.” Swammerdam, 
that ſagacious obſeryer, having neyer been 
able to diſcover it, entertained a notion, that 
the female or queen bee was fecundated with- 
out copulation ; that it was ſufficient for her 
to be near the males; that a vivifying aura, 
exhaling from the body of the males, and 
abſorbed by the female, might impregnate 
her eggs. At laſt the incomparable Reaumur 
thought he had in a great meaſure removed 
the veil, and brought their manner of gene- 
rating nearly to a proof. I his part of phyſics 


has been the principal object of my reſearches 


for ſeveral years paſt, having been infenfibly 
engaged in it by the pleaſure I took in fo 
curious an enquiry z and although this pur- 
ſuit has been attended with more difficulties 
and embarraſſments than can be well ima- 
gined, I have not been diſcouraged, and have 
carefully avoided launching into conjectures. 
To introduce a new ſyſtem in the doctrine of 
bees, which in a great meaſure contradicts all 


former received opinions, requires, Previous 


to its appearance, /every ſanction the various 
experiments, ſucceſsfully repeated, can poſſi- 
bly give it. The reſults of thoſe experi- 
ments, made in all glaſs-hives, which carry 
with them an intire evidence, afford ſuffi- 
cient reaſons to aſtert, that bees belong to 
that claſs of animals among which; although 
they have ſexes, a true copulation cannot be 
proved ; and that their ova, hke the ſpawn of 
fiſhes, moſt probably owe their fecundation 
to an impregnation from the males, as will 
appear in the ſequel of this narrative. : 
OTA | Lam 
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I am not a little pleaſed to find, that the 
celebrated Maraldi had ſuch a notion, and 1 
lament his neglecting to confirm it. He 
ſays, in his Otfervations uþon Bees, in the 
Hiſtory of the Academy of Sciences for the 
year 1712, p. 332: Nous n'avons pu de- 
couvrir juſqu' a preſent de quelle maniere ſe 
faite cette N 6 c'eſt dans le corps 
de la femelle, ou bien ſi c'eſt a la maniere des 
poiſſons, apres que la femelle, a poſe ſes 
ceufs: la matiere blanchitre dont 1 cuf eſt 
environné au fond de l'alvéole peu de temps 
 apres fa naiflance, ſemble conforme A la der- 
niere opinion, auſſi-bien que les remarques 
faites pluſieurs fois d'un grand nombre 
d' ufs qui ſont reites infeconds au fond de 
Valveole autour deſquels nous n'avons point 
vi cette matiere.— We never yet were able 
to diſcover in What manner this fecundation 
is performed; whether it is in the body of 
the female, or whether it is after the manner 
of fiſhes, after the female or queen-bee has 
depoſited her eggs: that liquid Whitiſh ſub- 
ſtance, with which each egg is ſurrounded at 
the bottom of the cell, a little While after its 
being laid, ſeemingly eſtabliſhing this laſt 
opinion, as well as the frequent remarks 
made of a great number of eggs remaining 
barren in the cell, round which we could 
not ſee the above-mentioned whitiſh ſub- 
ſtanke. | 1 
This ingenious naturaliſt, by a nice exa- 
mination of the ſtructure of the drones, had, 
as well as Swammerdam, diſcovered ſome re- 
ſemblances to the male organs of generation; 
and from thence conjectured, they were the 
males of the bee- inſect; but he owns, with 
A the 
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the reſt, that he never could diſcover them 


in the act of copulation. 


Having ſtood the trials of ſo many prying 


eyes in every age, the bees, as has been ob- 


ſerved by an ingenious author, had gained 
the character of an inviolable chaſtity, till 
Reaumur blaſted their reputation. He makes 
the queen no better than a Meſſalina (2); 
though he could ſee no more than what 
would raiſe a mere jealouſy or generate ſuſ- 
picions. i . 
In order to be the better underſtood in the 
relation of my own experiments on the fecun- 
dation of bees, I here premiſe the outlines of 
the opinions adopted by tne above-mentioned 
naturaliſts on that head. They aſſert, that 
the queen is the only female in the hive, and 
the mother of the next generation ; that the 
drones are the males by which ſhe is fecun- 
dated; and that the working bees, or bees 
that collect wax on the flowers, that knead 
it, and form from it the combs and cells 
which they afterwards fill with honey, are 
of neither ſex. ul 
But of late Mr, Sghirach, a German natu- 


5. 


raliſt, has 75 us a very different view of 


the claſſes that conſtitute the republic of bees, 
in an ingenious publication in his own lan- 
guage, under the title of Te Natural Hiſtory 
of the Rucen of the Bees, which has been ſince 
tranſlated into French; an account of which 
has been given in the Monthly Review, from 
Which I beg leave to relate the author's doc- 
trine with regard to the working-bees only ; 
the quality and functions of the drones being 


(e) Vid. Juvenal, Sat. vi. ver. 18. 
N points 
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oints which do not appear to be yet ſettled 
y Mr. Schirach himſelf. He affirms, that 
all the common bees are females in diſguiſe, 
in which the organs that diſtinguiſh the ſex, 
and particularly the evaria, are obliterated, 
or at leaſt, through their exceflive minute= 
neſs, have not yet been obſerved : that every 
one of thoſe bees, in the earher period of its 
exiſtence, is capable of becoming a queen» 
bee, if the whole community ſhould think 
proper to nurſe it in a particular manner, and 
raiſe it to that rank. In ſhort, that the 
ueen-bee lays only two kinds of eggs, viz. 
thoſe that are to produce the drones, and 
thoſe from which the working-bees are to 
prod. : 
The trials made by Mr. Schirach ſeem to 
evince the truth of his concluſions in the 
moſt ſatisfactory manner, ſingular as they 
appear to be at firſt fight; and indeed in my 
_ own judgment, from the conſtant happy re- 
ſult of numerous experiments, which I began 
near two years before Mr. Schirach's publi- 
cation, and repeated every ſeaſon fince, I am 
enabled to pronounce on their reality. | 
Chance, I own, befriended me in that dif- 
covery, whilſt I was moſt anxiouſly endea- 
vouring to aſcertain the uſe of drones. It 
was in the ſpring of the year 1770, that I, 
for the firſt, diſcovered what Maraldi had 
only conjectured, I mean the impregnation 
of. the eggs by the males; and that I was 
made acquainted with the difference of fize 
in the drones or males, obſerved by Maraldi 
in his O&/ervatrons upon Bees, inſerted in the 
Hiſtory of the Royal Academy of Sciences 
for the year 1712, p. 333, in theſe words - 15 
- OUS 
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Nous avons trouvẽ depuis peu une grande 
quantite de bourdons, beaucoup plus petits 
que ceux que nous avions remarque aupara- 
vant, & qui ne ſurpaſſent point la grandeur 
des petites abeilles; de forte qu'il n'auroit 
pas Ete aiſe de les diſtinguer dans cette ruche 


des abeilles ordinaires, fans le grand nombre 
que nous y en avons trouve. II ſe pourroit 
bien faire que dans les ruches ou l'on n'a pas 


trouvẽ de gros bourdons, il y en evut de ces 
petits, & qu'ils y azent ẽtẽ confondus avec le 
reſte des abeilles, lorſque nous ne ſavions pas 
encore qu'il y en cut de cette taille. 
«© We have of late found a great quantity of 
drones, much ſmaller than thoſe we had 
formerly obſerved, and which do not exceed 


In fize the common bees; fo that it would 


not have been caſy to diſtinguith them in that 
hive from the common bees, had not the 


quantity of them been very confiderable. It 
might certainly have happened, that in thoſe 


hives, where we have not been able to diſco- 
ver large drones, there were a great number 
of thoſe little ones, which may have been in- 
termixed among common bees, when we 


were yet ignorant that any ſuch ſmall drones 


were exiſting.” 
- Reaumur himſelf, p. 591, of his Natural 
Hiſtory of Inſects, ſays, We have likewiſe 
found drones that were no bigger than the 
common bees. | 
They have notwithſtanding eſcaped the 
-pbſervation of Mr. Schirach, and of his 
Friend Mr. Hattorf, member of an academy 
in Luſatia, who, in a memoir he preſented in 
the year 1769, annihilates entirely the uſe of 
drones 4 ; and adyances this ſingular 
N opinion, 
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opinion, that the queen-bee of a hive lays 
eggs which produces youhg ones, without 
having any communication with the drones. 
For what purpoſe ſhould wiſe Nature then 
have furniſhed the drones with that large 
quantity of ſeminal liquor? To what uſe ſo 
large an apparatus of fecundating organs, ſo 
well deſcribed by Reaumur and Maraldi ? 
But I beg leave to remark, that thoſe gen= 
tlemen ſeem to have drawn too haſty con- 
cluſions from their experiments, in rejecting 
the drones as bearing no ſhare in the propa- 
gation of thoſe inſects. Their obſervations, 
that hives are peopled at a time of the year 
when there are no drones in being, is no ways 
concluſive; as it is evident, that they had 
ſeen none but drones of a large ſize, their 
filence on the difference in the ſize of them 
juſtifying my remark. But to reſume the 
narrative of my experiments: I had watched 
my glaſs-hives (a) with indefatigable atten- 
tion from the moment the bees, among 
which I had taken care to leave a large num- 
ber of drones, were put into them, to the 
time of the queen laying her eggs, which 
generally happens the fourth. or fifth day. I 
obſerved the firſt or {ſecond day (always before 
the third) from the time the eggs are placed 
in the cells, that a great number of bees, 
faſtening themſelves to one another, hung 
dovn in the form of a curtain, from the top 
to the bottom of the hive, ina ſimilar man- 
ner they had done before at the. time the 
queen depoſited her eggs; an operation which 


(a) Glaſs-hives were uſed in preference to boxes, for a 
purpoſe toa obvious to need explaining. 
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7085 ſeems contrived to hide what is tranſ- 
acting: be that as it will, it anſwered the 
purpoſe of informing me that ſomething was 
going forward. In fact, I preſently after per- 
ceived ſeveral bees, the ſize of which, through 
this thick veil, (if I may fo expreſs myſelf) 
I could not rightly diftinguiſh, inſerting the 
poſterior part of their bodies each into a cell, 
and finking into it, where they continued 
but a little while. After they had retired, I 
faw plainly with the naked eye a ſmall quan- 
tity of a whitiſh liquor left in the angle of 
the baſis of each cell, containing an egg: it 
was leſs liquid than honey, and had no ſweet 
taſte at all. Within a day after, I found this 
liquor abſorbed into the embryo, which on 
the fourth day is converted into a ſmall 
worm, to which the working-bees bring a 
little honey for nouriſhment, during the firſt 
eight or ten days after its birth. , After that 
time they ceaſe to feed them; for they ſhut 
up the cells, where theſe embryos continue 
incloſed for ten days more, during which 
time they undergo various changes too tedious 
here to deſcribe. | 
To evince the reality of this obſervation, 
and to prove that the eggs are fecundated by 
the males, and that their preſence is neceflary 
at the time of breeding, I proceeded to the 
next experiments. They conſiſted in leav- 
ing in a hive the queen with only the com- 
mon bees, without any drones, to ſee whether 
the eggs ſhe laid would be prolific. I ac- 
cordingly tcok a ſwarm, ſhook all the bees 
into a tub of water, and left them in it till 


they were quite ſenſclefs, which gave me an 
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opportunity to diſtinguiſh the drones with- 
out any danger of being ſtung. After I had 
recovered the working-bees and their queen 
from the ſtate they were in, by ſpreading 
them on brown 3 in the ſun, I replaced 

them in a glaſs-hive, where they ſoon began 
to work as uſual: the queen laid eggs, which 
J little. pm to be impregnated, as I 
thought I had ſeparated all the drones or 
males, and therefore omitted watching the 
bees; but at the end of twenty days (the 
uſual time of their hatching) I found to my 
ſurprize ſome of the eggs hatched into bees, 
others withered away, and ſeveral of them 
covered with honey. I immediately inferred 
that ſome of the males, having eſcaped my* 
notice, had impregnated only part of the 
eggs; but, in order to convince myſelf of 
the truth of my ſuppoſition, I thought it 
neceſſary to take away all the brood-comb 
that was in the hive, in order to oblige the 
bees to provide a freſh quantity, being fully 
determined to watch narrowly their motions 
after new eggs ſhauld be depoſited in the 
cells. This was done accordingly, and at 
laſt the myſtery was unravelled. On the 
ſecond day after the eggs were placed in the 
cells, I perceived the ſame operation which I 
have related in a former experiment ; I mean, 
the bees hung down in the form of a curtain, 
While others thruſt the poſterior part of their 
body into the cells: I then introduced my 
hand into the hive, broke off a piece of the 
comb containing two of thoſe inſects, and 
kept them for examination. I found in nei- 
ther of them any ſting, (a circumſtance pe- 
culiar to drones only); and upon diſſection, 
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by the help a Dolland's microſcope, diſco- 
vered in them the four cylindrical bodies, 
which contain the glutinous liquor of a- 
whitiſh colour, obſerved by Maraldi in the- 

large drones. 55 
Having till then never obſerved any dif- 
ference in the ſize of drones, I immediately 
eruſed the memoirs on bees, publiſhed by 
Meſi. Maraldi and Reaumur, and found that 
they had remarked it frequently. I have in- 
ſerted, in a preceding page, the ſubſtance of 
their obſervations on that head, as taken from 
their writings. The reaſon of that difference 
muſt, I doubt, be placed amongſt other ar- 
cana of nature. I found myſelf, therefore, 
under a neceſſity, in my next experiments, 
to be more particular in deſtroying the males, 
bor thoſe which might be ſuſpected to be 

uch. | 

I once more immerſed all the ſame bees in 
water; and, when they appeared to be in a 
ſenſeleſs Rate, I gently preſſed every one of 
them between my fingers, in order to diſ- 
tinguith thoſe armed with ſtings from thoſe 
which had none, which laſt I might ſuſpect 
to be males. Of theſe I found fifty- ſeven, 
exactly of the ſize of common bees, yielding 
a little whitiſh liquor on being preſſed be- 
tween the fingers. I-killed every one, and 
replaced the twarm in a glaſs-hive, where 
they immediately applied again to the work 
of making cells; and on the fourth or fifth 
day, very early in the. morning, I had the 
pleaſure to fee the queen-bee depoſiting her 
eggs in thoſe cells, which ſhe did by placing 
the poſterior part of her body in each of them. 
I continued on the watch moſt part of the 
| enſuing 
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enſuing days, but could diſcover nothing of 
what I had feen before. = 
The eggs, after the fourth day, inſtead of 
changing; in the manner of catterpillars, were 
found in the fame ſtate they were in the firſt 
day, except that ſome of them were covered 
with honey. But a very ſingular event hap- 
pened the next day about noon: all the bees. 
left their own hive, and were ſeen attempt 
ing to get into a neighbouring common have, 
on the ſtool of which I found their queen 
dead, having, no doubt, been "ſlain in the 
engagement. The manner in which I ac- 
count for this event is as follows: the great 
defire of perpetuating their ſpecies, which is 
moiſt obſervable in theſe inſects, and to which 
end the concurrence of the males ſeems ſo 
abſolutely neceſſary, made them deſert their 
own habitation, 'where no males were left, in 
order to fix their reſidence in a new one, in 
which, there being a good ſtock of males, 
they might the better accompliſh their pur- 
poſe. If this does not yet eſtabliſh the 
reader's faith of the neceſſity of the males 
bearing a ſhare in the fecundation of the ove, 
the next experiment cannot, I preſume, fail 


to convince him. 1 85 
I took the brood comb which, as I ob- 
ſerved before, had not been impregnated ; I 
divided it into two parts; one I placed under 
a glaſs-bell, N' 1. with honey-comb for the 
bee's food; I took care to leave a queen, but 
no drones, among the common bees I con- 
fined in it. The other piece of brood comb 
[ placed under another glaſs-bell, No 2. with 
a few drones, a queen, and a number of com- 
mon bees, proportioned to the fize 1 tha 
Slals; 
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glaſs; the reſt I diſpoſed of as before. The 
reſult was, that in the glaſs, N'“ 1. no im 
pregnation happened: the eggs remained in 
the fame ſtate they were in when put into the 

glaſs; and, upon giving the bees their li- 
berty on the — day, they all flew away, 
as was found to be the caſe in the former ex- 
periment: whereas, in the glaſs, N' . I ſaw, 
the very day after the bees had been put un- 
der it, the impregnation of the eggs by the 
drones in every cel containing eggs; the 
bees did not leave their hive on receiving. 
their liberty; and, in the courſe of twenty 
days, every egg underwent all the above- 
mentioned neceſſary changes, and formed a 
pretty numerous young colony, in which I 
was not a little ſtartled to find two queens. 

Fully fatisfied concerning the impregna- 
tion of the eggs by the males, I deſiſted for 
the preſent from any further experiments on 
that head, being exceedingly anxious to en- 
deavour to account for the preſence of this 
new queen. 

J conjectured, that either two queens, in- 
ſtead of one, muſt have been left among the 
bees I had placed under that glaſs; or elſe, 
that the bees could, by ſome particular means 
of their own, transform a common ſubject 
into a queen. N 

In order to put this to the teſt, I repeated 
the experiment with ſome variation. I got 
four glaſs-hives blown flat, which I thought 

referable to the bell-ſhaped ones I had uſed 
before. as I could with thoſe better examine 


what was going forward. I took a large 
brood-comb from an old hive, and, after 
having divided it into ſeveral pieces, I put 


ſome 
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ſome of them, containing eggs, worms, and 
nymphs, with food, viz. honey, &c. under 
each of the glaſſes; and confined within each 
a ſufficient number of common bees, among 
Which I left ſome drones, but took care that 
there ſhould be no queen. | 

The bees finding themſelves without a 

ueen, made a ſtrange buzzing noiſe, which 
aſted near two days; at the end of which 
they ſettled and betook themſelves to work : 
on the fourth day I perceived in each hive the 
beginning of a royal cell, à certain indication 
that one of the encloſed worms would Joon be 
converted into a queen. The conſtruction of 
the royal cell being nearly accompliſhed, I 
ventured to leave an opening for the bees to 
get out, and found that they returned as re- 
ularly as they do in common hives, and 
| 8 no inclination to deſert their habita- 
tion. But, to be brief, at the end of twenty 
days I obſerved four young queens among 
the new progeny. 

On relating the reſult of theſe experiments 
to a member of this univerſity, well conver- 
ſant in the natural hiſtory of bees, he deemed 
it neceflary that they ſhould be repeated, in 
order the better to eſtabliſh the truth of a 
fact, ſeemingly ſo improbable, that the eggs, 
deſtined by Nature to produce neutral or com- 
mon bees, ſhould be transformed into females 
or queens. He ſtarted an objection to me, 
which, by the publication of Mr. Schirach 
appearing a little time after, ſeems to have 
been pointed out to that author alſo by Mr. 
Withelmi, his brother-in-law, namely, that 
the queen-bee of a hive, beſides the eggs 
which ſhe depoſits in the royal cells, m 
Vor It. B b alſo 
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alſo have laid royal or female eggs, either 
in the common cells, or indiſcriminately 


throughout the different: parts of the hive. 
He further ſuppoſed, that in the pieces of 


brood-comb, which had been ſucceſsfully . 


employed in the laſt experiments for the pro- 
duction of a queen, it' had conſtantly hap- 


pened, that one or more of theſe royal eggs, 


or rather the worms proceeding from them, 
had been contained. 7 238 
But the force of his objection was removed 


ſoon after, by the ſame ſucceſs having at- 


tended a number of other experiments which 
J fince made, an account of which would 
take up too rauch room here; and this Gen- 
tleman, together ,with Mr. Schirach's bro- 
ther-in-law, was at laſt brought to admit, 


that the working-bees are inveſted with a2 


power of raifing a common ſubject to the 
throne, when the community ſtands in need 
of a queen ; and that accordingly every worm 
of the hive is capable, under certain circum- 
ſtances, of becoming the mother of a genera- 


tion: that it owes its metamorphoſis into a 


queen, partly to the extraordinary fize of the 
cell, and its particular poſition in it; but 
principally to a certain nouriſhment appro- 


priated to the occaſion, and carefully ad- 


miniſtered to it by the working-bees while 
it is in the worm-ſtate, by which, and poſ- 
ſibly other means as yet unknown, the de- 
velopement and expanſion of the germ of the 


female organs, previouſly exiſting in the em- 


bryos, is effected, and thoſe differences in its 
form and ſize are produced, which after- 
wards ſo remarkably diſtinguiſh the queen 


from the common working-bees. And finally 
| | it 
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it appears evident, from the experiments 
made by Mr. Schirach and myſelf, that the 
received opinion, that the queen lays a parti- 
cular kind of eggs, appropriated to the pro- 
duction of other queens, is erroneous. F am 
not a little flattered with the ſimilarity of my 
diſcoveries with thoſe of the ingenious Ger- 
man naturaliſt, in proving the ſex of the 
common bees, although we. ſo widely differ 
in what relates to the uſe of the males, whom, 


as we have ſeen before, he imagines to be 


quite uſeleſs. I am alſo not a little pleaſed 
to find, that our experiments on the produc- 
tion of a queen from a common embryo agree 
ſo well. | 

I ſhall now beg leave to point out the ad- 
vantage that may accrue to the public from 
theſe obſervations, which is that of forming 
artificial ſwarms or new colonies; or in other 
words, of furniſhing the means to bring on 
a numerous increaſe of thoſe uſeful inſects : 
an object of ſome importance to this king- 
dom, as being the only means to prevent the 
annual exportation of conſiderable ſums in 
the purchaſe of wax, a great quantity of which 
is loſt every ſeaſon for want of keeping up a 
ſufficient ſtock of bees to collect it. 

The practice of this new art, Mr. Schirach 
tells us, has already extended itſelf through 
Upper Luſatia, the Palatinate, Bohemia, Ba- 
varia, Silefia, and even in Poland. In ſome 
of thoſe countries it has excited the attention 
and patronage of government ; and even the 


empreſs of Ruſſia has thought it of ſuch im- 


ortance, that ſhe has ſent a perſon to Klein 
autzen, to be inſtructed in the general prin- 
b 2 ciples, 
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ciples, and learn all the mmutiz of this new 
art. | | RY 5 

The narrow limits of this paper do not per- 
mit me here to give an account of Mr. Schi- 
rach's ingenious obſervations. I beg leave 
to refer the curious reader to the work itſelf, 
which, with the reviewers, I wiſh was tranſ- 
lated into the Engliſh language, as it contains 
many particulars highly deſerving the notice 
of the ſpeculative naturaliſt, as well as of 
thoſe who cultivate bees either for profit or 


amuſement. 
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F.&EO MAT HE 
ABBE SPALLANZANI, 
TO THE 


MARQUIS LUCCHESINI, 


CHAMBERLAIN TO THE KING OF PRUSSIA, 


WAS ſome time ago favoured, by your 


means, with a letter from the king. I 
had before been agreeably ſurprized by 
the repeated inſtances of eſteem and kind- 
neſs, with which that great monarch has 
condeſcended to honour me at different 
times: but I now feel much greater ſa- 
tisfaction than ever, on account of his 
gracious acceptance of my laſt publica- 
tion (a), which I humbly offered him by 
you. In conſequence of his command you 
made an extract, which he had the goodneſs 


(a) His Diſſertations. 


B b 3 to 


r eo ET rs HG. - 9 8 P 


— 


rr 


1 
1 
ö 

; 

; 

j 

; 

4 

A 
i 


| 
i 
| 


Ph - 2 — r _ 
BEN Gr been To Oreo ² ¼m 6ęßfp 7 
l " 


374 AP P E N D 1 + 


to read, and to conſider as not unworthy of 
his royal approbation. Two particulars, you 
inform me, eſpecially drew the attention of 
this acute philoſopher : the firſt, my diſco- 
veries reſpecting the generation of ſeveral 
amphibious animals. By theſe obſervations 
he thinks, that the doctrine of Epigeneſis is 
fully confuted, and that of the pre-exiſtence 
of germs eſtabliſhed, an opinion to which he 
is much inclined. The other particular is, 
the artificial fecundation of various animals. 
This made the deepeſt impreſſion on his 
mind, as I collect from your following ex- 
preſſions: But no part of your book ex- 
cited {ſuch aſtoniſhment as that which treats 
of artificial fecundation. On reading the 
analyſis of it he thought of a thouſand. expe- 
riments, worthy of the notice of the natura- 
aut, as to extend the diſcovery from particu- 
ars to general, and to enlarge, if it be poſſi- 
ble, the kingdom of animated nature by new 
colonies of various ſorts of mules.” Theſe 
two views are certainly the moſt intereſting 


of all which natural philoſophy affords ; but 


I now conſider them as more intereſting than 
ever, fince they have appeared ſo agreeable in 
the eyes of this philoſophic king. With re- 
{pect to the firit, I rejoice exceedingly with 
the favourers of the pre-exi{tence of germs, 
among whom are included the moſt judicious 
naturaliſts of the preſent age, that we are 


joined with ſo wiſe and great a: monarch ; 


and I cannot but be proud of his glorious 

approbation, ſo graciouſly accorded to my 

diſcoverv. | 14 | 
With 
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With reſpect to artificial fecundation, the 
ſubject being, I preſume, worthy of your at- 
tention, permit me to detain you a little while 
upon it. And in the firſt place, a few words 
concerning amphibious animals. Finding 
that I had reaped in a field which I may term 
my own, I was tempted to reviſit it, by the 
hope of adding ſome new ears to what I have 
already gathered. After the publication of 
my work I therefore made freth experiments, 
which: proved fortunate beyond all belief. 
Words cannot expreſs the abundance of the 
produce. I knew, by experience, that thoſe 
topics of natural hiſtory, Which we ſuppoſe to 
be exhauſted by our induſtry and patience, when 
reſumed, preſent themſelves under new and 
unexpected aſpects, whence reſult either neẽ 
truths or uſeful conſequences: all the works 
of the ſupreme Architect being ſtamped with 
the ſeal of his infinite perfections, cannot be 
exhauſted by human induſtry. I will not 
detain you with the particulars of my new 
obſervations on the artificial fecundation of 
my amphibious animals, for the abundance 
of matter is ill adapted to the limits of a letter. 
I will rather take the liberty of doing it, 
when I ſhall have ſufficient leiſure to extract 
from my journals the ſum of my obſerva- 
tions, in order to compoſe a ſupplement to 
my publication on that ſubject. | 
Meanwhile, I paſs on to the artificial fe- 
cundation of quadrupeds, concerning which 
I will obſerve to yon, that I feel the greateſt 
ſatisfaction at finding that my ſentiments do 
not differ from thoſe of your ſovereign. 
When I ſucceeded in the artificial fecunda- 
| b 4 ” mal 
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tion of a bitch, meditating with ſurprize 


upon my diſcovery, I conceived that it might 


be an excellent way to procure, if the thing 


be poſſible, different ſorts of ſtrange mules, an 


idea in which my illuſtrious friend Mr. Bon- 
net, to whom I uſually firſt communicate my 
experiments, concurred. Hence I reſolved 
to provide myſelt, at my convenience, with 
a number of female quadrupeds, as cats, 
bitches, rabbits, and to try to fecundate them 
with the ſeed of ſome different ſpecies, at the 
ſeaſon of their amours. I hkewiſe commu- 
nicated this idea to Dr. Roſh, a celebrated 
Profeſſor in the Univerſity of Piſa, that he 
might put it in practice: Dr. Roſſi, as you 
perhaps know, 1s the naturaliſt, who laſt year 
repeated, with ſucceſs, my experiment on the 
artificial fecundation of a bitch. Towards 
the middle of laſt November, when I re- 
turned to the univerſity of Pavia, I procured 
two cats, one two years old, which had once 
brought young, the other eleven months old, 
and which had never produced. Both had 
the liberty of my chamber, but they could 
not get out, nor was __ male ever permitted 
to enter : there was only in the ſame apart- 


ment a little ſpaniel three years and a half 
old, the ſame which had furniſhed the pro- 


lific liquor that fecundated the bitch. The 


older cat was firſt in ſeaſon; this fell out on 
the zd of December: inceſſant loud cries, 
ſufficiently expreſſive of her wants, afforded 
a clear proof, that ſhe now began to ſeek and 
to invite the male. Being unable to ſatisfy 


her deſires by means of a male of her own 


ſpecies, and being by nature, like all other 
female 
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female cats, exceedingly ſalacious, ſhe for the 
reſent forgot her antipathy to the dog- 
ind, and did not heſitate to approach the 
ſpaniel, and to invite him, by ſtroaking his 
belly, and reiterated careſſes; but he, with- 
out either hurting the cat or flying, never 
conſented to her wiſhes, though he was of a 
very voluptuous diſpoſition ; he would ſmell 
ker, and then turn with indifference another 
way. The third day after the appearance of 
theſe ſigns, I tried to fecundate my cat arti- 
ficially with twenty-two grains of ſeed, fur- 
niſhed by the ſame dog. The ſame means 
and precautions were employed as in the ex- 
periment on the bitch. But having obſerved 
that the females of this ſpecies receive the 
male many times, I was not fatified with a 
ſingle injection, but repeated it thrice more 
bel the cat went off her heat, which hap- 
pened on the 11th of December ; I kept her 
confined along with the other, as in a former 

experiment. | | 
Lou may conceive my anxious expectation 
of the reſult of this unattempted experiment. 
Should any one of my injections prove pro- 
lific, and ſhould the young partake, both in 
form and manners, of the female which con- 
ceived them, and the male that furniſhed the 
ſeed, I fancied, that the moſt fingular mules, 
and ſuch as had never been before ſeen, 
would now be produced. With reſpect to 
manners, two moſt oppoſite natures would 
be kneaded together and be confounded ; the 
one, that of an animal Tuſceptible of educa- 
tion, full of courage, abilities, and ſentiment, 
all ardour, all affection, all obedience to his 
maſter; 
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maſter; the other, that of an animal in in- 
ternal qualities, far inferior, by inſtinct in- 
tractable, abhorring all ſubjection, faithleſs 
to its owner, affectionate only through in- 
tereſt, and born with an irreconcileable en- 
mity to the former. Nor would the nature 
of theſe two animals engrafted together, be 
leſs different in a phyſical point of view, 
whether we conſider the external configu- 
ration, the proportion of the limbs, or the 
internal organization. But unhappily this 
was an occurrence not eaſy to be brought 
about by the experimenter, and in which his 
labour is not crowned: with ſucceſs. The 
cat, notwithſtanding all my care, was not 
fecundated. I was not, however, diſcouraged 
by this failure from repeating my attempt 
with the ſeed of the fame dog and the fame 
precautions, upon the other cat, which began 
to be in heat on the 18th of January, and in- 
ſtead of four, I injected ſeed ſeven times; 
that 1s to ſay, once every day as long as the 
feaſon of her amours laſted. At each injec- 
tion I did not introduce leſs than eighteen 
grains of feed; but impregnation did not 
take place; for from the lait injection to 
the 3 of this letter, thirty-two days 
have elapſed, and there does not appear the 
leaſt intumeſcence of the cat's belly. This 
is alſo the caſe with the other, though the 
experiment was made ſo long before. We 
know, that theſe animals bring forth in 
about Fl 5 days, and bitches in ſixty-three at 
fartheſt. | 

T would not, notwithſtanding, pronounce 
the attempt impracticable, for 1 think that, 
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to warrant ſuch an aſſertion, a greater num- 
ber of trials is neceſſary. . Theſe two experi- 
ments, however, may juſtly render us miſ- 
truſtful of any that ſhall be hereafter attempt= 
ed; I ſhall ndt be ſurprized if they ſhould 
prove unſucceſsful, conſidering the widely 
different nature of theſe animals. But ſhould 
this really happen, we ought not to be diſ- 
contented, fince Nature has thus replied to 
our interrogatories; and her reſponſes, hat- 
ever they may be, ſhould be held precious by 
us, as they ſerve to increaſe the ſtores of uſe- 
ful knowledge. Further, the failure of theſe 
attempts, ought not to prevent us from making 
others upon animals differing in their nature. 
It is true, that every kind of ſeed will not 
fecundate every ſpecies of animal. This li- 
uor, on which depends the perpetuity of the 
pecies, mult have a certain relation with the 
embryos to be fecundated; and it is natural 
to ſuppoſe, that ſuch a relation does not be- 
long to all kinds of ſeed. But it is alſo 
true, that we can only learn from the effects, 
that is from experiment, when this relation 
does ſubſiſt. The very experiments which 
at firſt ſeemed contrary to the production of 
ſuch and ſuch mules, when repeated in a 
better manner, proved favourable to it. Buf- 
fon deſtroyed our hopes of procuring mules, 
by keeping rabbits and hares together, ſeeing 
that in the experiment he adduces, the one 
ſpecies never copulated with the other. But 
this conjunction has been effected by other 
hands (a), and hence hare-rabbits have been 


(a) In thoſe of the Abbe Amoretti. 
procured, 
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procured. A dog and a ſhe-wolf, kept to- 
gether for a long time by the ſame author, 
never ſhewed any ſign of mutual attention. 
But the experiment, when repeated by 
others, had a very different degree of ſucceſs. 
The mules that were by theſe means pro- 
duced propagated their kind (@) : Buffon 
failed in the ſame manner with reſpect to 
dogs and foxes: this experiment has not, 
as far as I know, been repeated by others. 
I ſhould think, that in more expert hands, 
it would have been attended with a more 
fortunate reſult. But in the race of mules, 
there is nothing perhaps ſo curious and ſur- 
prizing as the famous Jumart. Three va- 
rieties, you know, are enumerated, the off- 
ſpring of the bull and mare, the aſs and 
cow, and the bull and ſhe-aſs. Leger 
and Shaw admit the exiſtence of all with- 
out heſitation; but Buffon, in his hiſ- 
tory of animals, reckons them all imaginary. 
Yet in his ſupplement, he does not abſolutely 
deny the poſſibility of their exiſtence, though 
he doubts it much. But in truth, the 
French Pliny was miſtaken. Mr. Bourge- 
lat, formerly inſpector-general of the E- 
cole FVeterimaire at Lyons, in a letter to the 
illuſtrious Bonnet, expreſly ſays, that he had 
been in poſſeſſion of ſeveral of theſe Jumarts, 
and that one was diſſected under his in- 
ſpection in the ſchool at Lyons; and he com- 
municates the reſult in his letter to the phi- 
loſopher of Geneva (6). The authority of 

this celebrated and ingenuous perſon, merits 


(a) Bonnet Euvres, T. 3. (6) 1. c. 


the 
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the utmoſt deference. Aſſuming then the 
exiſtence of this ſingular ſort of mule, I 
could wiſh that they ſhould be multiplied 
much more than they have hitherto been, 
both becauſe they are well adapted to throw 
fuller light upon the great function of gene- 
ration, and becauſe they may poſſibly prove 
highly advantageous to mankind, as they are 
ſaid to have been poſſeſſed of extraordinary 
ſtrength. Natural fecundation, tho' ſtudi- 
ouſly attempted, would not very fully accom- 
pliſh this object, on account of the indif- 
ference, or rather the averſion of quadrupeds 
of various ſorts to copulate together, eſ- 
pecially when they happen to be placed at a 
great diſtance from each other. Theſe i]- 
legitimate marriages take place only, when 


the aſs or the bull cannot find the means of 


ſatisfying their deſires upon their own ſpe- 
cies, and are moreover uncommonly ar- 
dent. Artificial fecundation, properly per- 
formed, would be moſt convenient in this 
caſe. I will add, moſt reſpectable Marquis, 
that I am well diſpoſed to put it in prac- 
tice; but my public and private engage- 
ments have ANI revented me, as alſo 
the expence, for I will openly acknowledge 
it, of keeping theſe animals for ſeveral 
months, to which the narrow income of a 
philoſpher is not very adequate. Hence I 
made application to a rich perſon in Lom- 
bardy, to. aſſiſt me in theſe experiments; 
but he was inſenſible to the propoſal, a cir- 
cumſtance which did not ſurprize me, as 
it certainly will not ſurprize you, who 
know, 
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know, that the nobility in many cities of 
RE Italy are not very friendly to ſcience and li- 
: terature. In order to ſatisfy my withes, I 
ſee no better expedient, you will excuſe my 
philoſophical freedom, than that of apply- 
ing to you. The high honour you enjoy, 
in poſſeſſing a ſtation in the court of one 
of the greateſt princes upon earth, ſuitable 
to your eminent. virtues and valuable en- 
dowments, of a prince, who is at once the 
delight of his happy kingdom, and the great 
I protector of letters and learned men: your 
ardour for natural philoſophy, and for what- 
ever has a tendency to ennoble and advance 
it; your cloſe connection with our famous 
royal academy of ſciences and polite litera- 
ture at Berlin, which is ſo defirous of en- 
larging the limits of this noble branch of 
knowledge, by the ſure guidance of ac- 
curate experiments: theſe. favourable cir- 
cumſtances afford me hopes, that you will 
not refuſe to ſecond my wiſhes. I am will- 
ing to believe, that you will chooſe the moſt 
advantageous moment to ſpeak to your ſo- 
vereign of this curious project; nor do I 
deſpair of his encouragement, ſince it may, in 
ſome ſort, be termed a thought of his own. 
But enough of this. I proceed to another 
ſubject. RE | 


L [The remaining part of this letter, having 
no connection with any topic treated in the 
foregoing Diſſertations, is omitted.] 
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SPALLANZ ANI having adverted, in more 
Paſſages than one, to the FECUNDA TION 
or Fisnxs, Mr. FzRrR1s was induced to 
ſend the following OBsERvATION to the 


Editor of the Journal de Phyſique. 


T the age of about fourteen or fifteen, 
he happened to be on the bank of a 
river abounding in fiſhes. The ſtream was 
rapid, but the water was fo ſhallow and clear, 
that at about the depth of two feet, he ob- 
ſerved two falmons ſtirring, the fand with 
their tails, which were turned to each other. 
They made a hole in the ſhape of a funnel, 
over which the female placed the A— 
of her tail, and difcharged a quantity of r 
liquor: her place was then immediately taken 
by the male; who, in the ſame poſition, e- 
mitted a. confiderable jet of white liquor. 
They. then in concert covered. the hole with 
{and and parted. | Fs 
This obſervation is ſucceeded: by a paper, 
copied from Mr. Duhamel's work on fiſhes 
and fiſheries, on the mode of producing ſal- 
mons and trouts, as it is practiſed on the 
banks of the Weſer. It is not ſurpriſing that 
an eſſay, written chiefly with economical 
views, ſhould not in every reſpect fatisfy the 
curioſity of the philoſopher. A box or caſe 
of wood is directed to be made with an aper- 
ture towards the bottom of two oppoſite 
fides. The aperture is to be ſecured with a 
grate of iron. The bottom is to be covered- 
with ſand and gravel, and a gentle ſtream is 
to 
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to be brought through the box. In No- 
vember, when the ſalmon repairs to brooks 
and rivulets, in order to propagate the ſpe- 
cies, a female is to be held by the head over 
a bucket of clean water. If the eggs be 
uite mature, they will drop out of them- 
ſelves; or if they ſhould, not, gentle preſ- 
ſure on the belly will bring them out. The 
male 1s to be treated in the ſame manner, and 
when the ſurface of the water appears white 
with milt, the operation 1s finiſhed. The eggs 
are now to be carried to the box. Some- 
times. the young are formed in five. weeks, 
and may be ſeen to move in the egg. The 
may be diſtinguiſhed by their eyes, 1 
are black, while the other parts are yet dia- 
phanous: in eight days afterwards they break 
through the ſkin or membrane of the egg. 
'This period, however, varies with the tem- 
perature of the water, and of the atmoſphere, 
and is ſometimes prolonged to ten weeks. 
While the young fry is growing in the egg, 
a fine pellicle, diſtinct from the external 
membrane, may be obierved ; to this pellicle 
the little fiſh is attached; it forms a . ſac 
round it. The fac fills almoſts the whole 
capacity of the egg, and ſerves the fetus: for 
a ftomach and bowels. The firit feeds upon 
the matter contained in it four or five weeks 
after it is hatched. During this time the 
mouth, which is at firſt ſhapeleſs, gradually 
elongates; afterwards the ſac totally diſap- 
pears, and the animal aſſumes its perfect 
figure. „%% LES >. 
The fame method is to be obſerved with 
reſpe& to trouts, but their eggs are not ma- 
ture till December and January. 
The 
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The author obſerves, that fiſhes do not 
copulate, and that fecundation is external. 
He procured from a trout ſome eggs per- 
fectly mature, and took the utmoſt care of 
them, but he put no milt upon them, and 
they all oiled without producing a fingle 
young fiſh. Ek | | 

Among the trouts produced according to 
the method aboye-deſcribed, there appeared 
many varieties of monſters; the author 
explains theſe phenomena from Lewen- 
hoeck's hypotheſis concerning the ſpermatic 
worms. f 


But the moſt curious 8 in this 
e author took 


paper is the following. 
the mature eggs out of a trout, which had 


been dead four days, and which was now 


very putrid and offenſive. He covered them 
with the milt of a living male, and the pro- 


duce of fry was as abundant, as if the eggs 


had been furniſhed by a living female. 


He next propoſes to fecundate the eggs 


of the trout with the milt of the ſalmon, 
and reciprocally. He pretends, that certain 


waters, and a particular kind of food, will 


convert trouts into ſalmon-trouts. 


He aſſerts, that the eggs of both theſe 
ſpecies infallibly periſh, if any impurity ad- 


heres to them, or if they lie long upon the 
ground: hence he deduces the final cauſe of 
their depoſiting their offspring upon the 
gravelly ee of rivulets, in places where 
the ſtream is continually freeing them from 
impurities, | 
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GENERATION OF THE GREEN AQUATIC FROG. 


. HY n — Page 5 
II. Difference between the male and female ib. 
III. Eſſential difference between this e and that 
called by Roeſel by the ſame name 6 
IV. Seaſon of its amours. Ovarium and eggs s deſcribed ; 
— — 1 9 
V. Miſtake of Valliſnerf . 
VI. Eggs of frogs increaſe in ſize at the ſeaſon of their 
amours. Duration of copulation. They bring forth, 
though confined —— _ 7 
VII. Condition neceſlary to parturition — 8 
VIII. Different ſituations of the eggs during copulation. 
Great difference between the eggs in the ovarium and 


in the oviducts, as well as uterus — ib. 
IX. Proofs that the eggs are not fecundated in the body 
of the female. Miſtake of Linnæus — ib. 
X. Miſtake of Profeſſor Menzius — 9 
XI, XII. Mode in which fecundation is effected 
the 928 the female — — 
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XIII. Curious and inſtructive experiment to hinder the 
fecundation of the eggs, propoſed by 4 i and ſuc- 


ceſsfully performed by the autor — 11 
XIV. Deſcription of the eggs at the time of roftufition 
pany — 12 


XV, XVI, XVII. Tne globules, hitherto called eggs, are 


not eggs but tadpoles. Succeſſive evolution of them 
— 13, 14 
XVIII, XIX. Proofs that the fetus of this ſpecies exiſts 
before the atceflion of the male. Important conſe- 
quences deduced from this diſcovery — 15, 16 


en © 


GENERATION OF THE TREE-FROG, 


XX, Deſcription of this frog, Its habitation — 17 
XXI. The embraces of this are different from thoſe of 

other ſpecies of frog | ib, 
XXII. Difference of duration of copulation of this ſpe- 


cies in Italy and Germany —d' — ib. 
XXIII. Roeſel knew not the mode of fecundation in 
this ſpecies — 18 


XXIV, XXV. The author was more fortunate. He 
ſaw the ſemen of the male irrotate the eggs — ib. 


XXVI. Fecundation external, yet ſometimes takes place 


internally 


XXVII. Miſtake of Roeſel about the gluten of t the eggs 


— ib, 


XXVIII, IX. Progreſs of evolution. Animation. 
Diſcovery that what were thought to be eggs, are fe- 


tuſes — ä 20 
XXX. They pre- exiſt in the female 21 
XXXI. The fetuſes of this ſpecies continue longer in 

the amnion than thoſe of the preceding — ib. 


XXXII, XXXII, XXXIV, XXXV, XXXVI, XXXVII. 
Summary of Roeſel's obſervations on the tree-frog, 


His miſtakes — 22, , 
XXXVIII. Singular ſhape of the rr that a i 
the amnivn —— — 


XXXIX 


IN Ü 
xxxIx. Precaution neceſſary to the growth of the 


young — — e 24 
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GENERATION OF THE TOAD, CALLED BY ROESEL, 
. BUFO TERRESTRIS, DORSO TUBERCULIS EXASPE= 
BREW OCULIS RUBRIS: 


XL, Two ff peckes of this toad, No difference between 
them in what reſpects generation — b. 
XLI. Seaſon of their amours. Difference of ſize be- 
tween the male and female. The male adheres to the 
female when ſhe flies — — 25 
XLII. The eggs adhere to the ovarium at the beginning 
of copulation. Its duration. Salaciouſneſs of the 
males — — w—_ 
XLIII. Noiſe made by the male at this tine — ib. 
XLIV. Inteſtine motions in the female's body, while the 
eggs are paſſing through the oviducts and uterus 26 
XL Duration of the diſcharge of the eggs in two 


cords — — — ib. 
XI. VI. Remarkable length of the cords. Number 5 
the e —— — 


XLVII. The males do not quit the females when they 
are removed out of the water ib. 
XVIII. Foſture of the male when he fecundates the eggs 

ib. 
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XLIX. The eggs are e b [the ſeed, which is 
brought gently into contact with — ib. 
The manner in which theſe Ty Jon cords are fe- 
cundaced 28 
LI. Deciſive proofs, that the liquor with which the male 

| bedews the eggs, is the fecundating ſeed — ib. 
LU. Fecundation takes place in theſe animals without 
the female's body — — ib. 
LHI. Whether the bodies hitherto called eggs are tad- 
_ poles, and if ſo, whether they exiſt before fecundation 
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LIV, LV, LVI, LVII. Analyſis of theſe corpuſcles, with. 
direct proofs, that they are tadpoles-not yet evolved, 
and they are to be found in the females before the ac- 


ceſhon of the male | | 
LVIII. Pre- exiſtence of the amnion before fecundatig | 


3 
LIX. The blood N Cireuſates before there ap- 
pears the leaſt motion in the tadpole — ib. 


CH AB IX. 
GENERATION OF THE FETID TERRESTRIAL TOAD. ' 
LX. Specific difference between this animal, and that 


called by Roeſel, Bufo terreſtris fœtidus — 31 
LXI. Reſpects, in which the male and female differ, 


and in which they agree — — ; 
LXII. Stagnant waters are/ choſen by ale 50 theſe animals for 
the purpoſe of propagation 2: 
LXIII. Seaſon of copulation | Ws 


LXIV. Great difference of the "Ix" IR of amours . this 
ſpecies, and that deſcribed in Chap. III. The former 
require a warm temperature ib. 
LXV. The duration of copulation in frogs and toads, 
appears to be inverſely as the heat of the atmoſpherę 


LXVI. The female does not diſcharge her eggs 155 
the embraces of the male 34 
LXVII. Eggs fallen into the thorax and abdomen. 
Way in which this may happen | 438 
LXVIII, LXIX. Duration of copulation. Manner in 
which the eggs are fecundated — ib. 
LXX. The eggs, when diſcharged, are incloſed and im- 
| bedded in cords of gluten, which matter is generated 
in the cavity of the eggs. The eggs do not grow 


when ſtripped of the gluten or amnion — 36 
LXXI. In this ſpecies alſo the round bodies, hitherto 
Called eggs, are tadpoles — — 7 
LXXII. They pre-exift in the female — 15 


LXXIII. As alſo does the amnion, and probably the 
© Lxx1v. 


: umbilical cord 
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LXXIV. Precautions. for the uſe of thoſe: wii ſhall de- 


ſire to repeat theſe experiments ib. 
LXXV, LXXVI. Dried eggs of fiſhes loſe ti the power of 
producing, which alſo happens to tadpoles in the form 
of eggs. Conſequences reſpecting the explication given 
by ſome authors, of the appearance of hſhes in places 
where they no W exiſted — 40—42 
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' GENERATION OF THE WATER-NEWT.. 


LXXVII. el of the two Sen examined by the 
author 
LXXVIII. Their-places of abode 43 
LXXIX. Remarkable phænomenon obſerved by the au- 
thor, Wen a Spe to newts in ſpring, and in autumn 
LXXX. Darm manner in which the male i impregnates 
the female without copulation 
LXXXI. Confirmation of this e e. Inſtanta- 
neous conjunction of wall-lizards — 46 
LXXXII. Agreement of the author's obſervations with 
thoſe of a French Naturaliſt —— 48 
LXXXIII. Eggs, ovarium, and oviducts deſcribed 50 
LXXXIV. Eggs get into the ducts at the ſeaſon of a- 
mours. Thoſe only are fecundated which are upon 
the point of being diſcharged! - L 
LXXXV. Although the more are G re 5 
Duration of the amours of newts ' — 52 
LXXXVI. Miſtakes of Bomare —— 53 
LXXXVII. Gradual evolution of the eggs, which ſhews 
that they are only newts in miniature — 66: 
LXXXVIII. The young newts, as they are further e- 
volved, not being capable of being contained in the 
amnion, burſt it 57 
LXXXIX. Time requiſite for theſe animals to i from 
the fallacious form of eggs, to the true one of newts. 
Great difficulty in hatching them — 58 
XC. Afterwards reared more eaſily. Evolution of the 
hands and feet. Duration of the gillss— 59 
Cc 4. | XCI. 
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XCI. Pre- exiſtence of the fetus — 60 
XCII. Generation of another ſpecies — 61 
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XCIII. Seaſon appointed for the generation of quadru- 
peds and birds. In inſects the ſeaſon varies according 
to the warmth or coldneſs of the weather — 2 

XCIV. As alfo in the amphibia above-mentioned. They 
copulate ſooner in warm than in cold climates 63 

XCV. They are to be removed from among oviparous 

to vivaparous animals. They have a diſtinguiſhing 
characteriſtic; for which it does not ſeem difficult to 
account — | | 65 

XCVI. They appear to have the ſame foreſight as o 
animals, for the multiphcation of the fpecies 67 

XCVII. The end for which the male ſo cloſely embraces 
Rn. Diſcuſhon of the opinions of two Natu- 

+ FS 1 8 — 4 — — | '6 | 

XCVIII. Cauſe of the perſeverance of the male in em- 
bracing the female ſo long, and of their neglecting 

their own ſecurity —— 71 

XCIX, C. Punctures, inciſion, cutting off the limbs, de- 
capitation, do not prevent the male from adhering to 
the female, and fecundating the embryos 72—74 

CI. An highly improbable opinion of Swammerdam 75 

CII. Curious obſervation of Demours. Reffections 76 

CHI. The manner of fecundation in theſe amphibia, de- 
ſtroys a law hitherto fuppoſed to be univerſal — 77 

CIV. Mode of fecundation in other fpecies of the ſame 
genera unknown, and ſhould be inveſtigated. The 
Pipa of Surinam deſerves particular attention. Sketch 
of Mr. Bonnet's and the author's experiments on this 


cy, CVI. Doubts relating to the generation of fiſhes. 
Ridiculous opinion of Linnzus. A mode propofed of 
inveſtigating the myſtery — 81, 82 
CVII. Fecundation of bee's eggs external, Number of 
animals in which this takes place, very ſmall in com- 
pariſon with thoſe in which it is otherwiſe cont 
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cviti. RefleQtions upon the ſingular fecundation of 


CIX. The ee s diſcovery of the pre-exiſtence of the 
fetuſes in theſe amphibia, totally overturns the ſyſtem of 
Ebpigeneſis; as alſo that of the Fermiculiis. * Every 
reaſon to ſuppoſe that the ſucceſſive orders of fetuſes, 
which every year become confpicuous in the ovaria, 
have N with the female — 87 
CX. Examination and confutation of a ſingular opinion 
concerning the generation of frogs — 90 
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CXII. Dr. Pirri's objecdions to the author 8 diſcovery, 

with replies — "0d 
XII. Reply to two objections made by Dr. Piri 97 
XIII, CXIV. Identity of the tadpole and frog — 99 
CXV. Objection of Dr. Pirri againſt Haller — 10or 
CXVI, CXVII. Extract of a letter of Mr. Bon- 


net | — — — f 106—111 


DISSERTATION n. 
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ARTIFICIAL FECUNDATION OF THE TERRESTRIAL | 
FROG, WITH RED EYES AND DORSAL TUBERCLES, 


CXVIII. Vain attempt of Malpighi and others, to fe- 
cundate the ſilk worm. The author's deſign to make 
the experiment on frogs and toads — 12 
CXIX. He ſucceeds on the preſent ſpecies — 113 
CXX. A greater quantity of tadpoles produced by a 
reater quantity of ſeed — — 11 
C: XI; The experiment ſucceeds alike, whether the tad- 
| poles be wetted with ſeed before or after they are im- 
merſed in water. Artificial fecundation equally cal- 


culated to animate the tadpoles with the natural 116 
; CXXII. 
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CXXII. They may be fecundated while yet in the ute- 


rus. Abſence of the ſpermatic worms from the ſeed, 
not at all unfavourable to fecundation 11 
CXXIII, CXXIV. Artificial fecundation cannot be 
| effected at the upper part of the oviducts. The rea- 
ſon, nor does it ſucceed on thoſe that have acciden- 
1275 fallen into the abdomen, and thoſe that are not yet 
e from the ovariunn — 118—120 

V. Juice expreſſed from the teſticles, juſt as fit for 

hey Sa as ſeed — —— 121 
CXXVI. New ſpecies of toad. Artificial fecundation 
ſucceeds in this, as well as the former — 122 
CXXVII. The fame law is obſerved by Nature in the 
generation of this ſpecies, as in 25 other amphibia be- 
fore deſcribed — — 125 
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ARTIFICIAL FECUNDATION or THE WATER- -NEWT, 
AND FETID TERRESTRIAL TOA D. : 


CxxXVII. Artificial feeundation unſucceſsfully aticmngted 
in the water-newt, with pure ſeed  — - 126 
CXXIX. Obtained in ſome meaſure by ſeed mixed with 
water. Juice of the teſticles equally efficacious, if 
mixed with water 128 
CXXX. In the fetid toad we may obtain the various ſorts 
of fecundation mentioned in paragraph CXIX, CXX, 
CXXI, CXXII, CXXII. Seed of this toad -fie for 
N Keund con, after it has continued in the veſicles of the 
animal ſeveral hours after death 129 
CXXXI. As alſo after ſtanding in a veſſel. The time 
at which it loſes it, depends on the temperature of the 
air. Phyſical cauſe of the inertneſs of the ſeed 131 
CXxXXII. Juice of the teſticles keeps its virtue longer 
than ſeed — — 133 
CXXXIHI. The teſticles, when ſhrunk; are not deſtitute 
of this virtue; but they are, when dried, as alſo when 
expoſed to a ſtrong beat. Teſtieles of toads kept by 
themſelves, and of thoſe which are too young, are un- 
fit for fecundation —  — 134 
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its prolific power when incorporated with other li- 


quors 135 
CXXXV. Tadpoles preſerve the power of being fecun- 


dated and evolved, after continuing for a certain time 


1n the dead uterus 137 
CXXXVI A few minutes immerſion in water, render 
tadpoles incapable of being fecundated. Phyſical cauſe 
of this 139 
CXXXVII. The male bete with ag only thoſe tad- 
poles which have juſt fallen into the water. Fecunda- 
tion in frogs and toads very different from that of 
fiſhes, according to the common opinion — 141 
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ARTIFICIAL FECUNDATION OF THE TREE-FROG, AND 
| THE GREEN AQUATIC FROG. 


CxXXVII. The ſmall number of tree-frogs i in the au- 
thor's poſſeſſion, confined him to a fewexperiments. De- 
ſcription of the genitals of the male of the green _—_ 

tic fro 

CXXXIX. Very little difference in the reſults OY 
to the green frog, from thoſe deſcribed i in the two pre- 

- ceding chapters ' 144 

CXL. Fecundation is effected by touching any point of 
the mucous ſpherules ſurrounding the tadpoles. A "ey 
ſmall particle of ſeed ſufficient 

CXLI. And that though it ſhould have to paſs 16 0 
a thick ſtratum of gluten I4 

CXLII. Three grains of ſeed, mixed with a | Young of 

Water, retain their virtue 148 

CXLIII. And even with a pound and half, more water 
is prejudicial; but in twenty-two pounds ir it preſerves 

- ſome portion of its virtue 149 

CXLIV. Other facts proving yet more PET that an 
inexpreſſibly ſmall quantity of ſeed is ſufficient for fe- 

cCundation | I50 

CXLV. Three grains of ſeed, mixed with a conſiderable 
quantity of water, does not become effete, after hav- 


ing 
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ing fecundated a prodigious multitude of tadpoles. Fe- 
cundation takes place alike, whether they be kept im- 
merſed for a long time, or a few moments; only this 
mixture continues prolific for a number of hours, eſpe- 


cially in cold weather — 151 
CXLVI, Juice of the teſticles of equal efficacy in all 
reſpects — 152 


CXLVII. The two ſpecies of toad deſcribed i in the two 
preceding chapters, afford the ſame reſult in experi- 
ments of this kind, as the green aquatic frog. Uſeful 
precautions — — 153 

CXLVIII. Tadpoles and newts artificially fecundated, 
differ in no reſpect from thoſe fecundated by nature 155 
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| | 
CXLIX. Artificial fecundation with ſeed without worms, 
is a new and deciſive proof that they are not the au- 
thors of generation 156 
CL. Subterfuges in defence of this theory, Donne 


with the experiments related — 159 
CLI. Theſe obſervations alſo demonſtrate the falChodd 
of Epigeneſis — — 160 


CLII. The ſeed muſt penetrate into the body of the tad- 
poles. Pores for its admiſſion. Why the tadpoles are 
animated, whatever part be touched — 1561 

CLIIL The animation of the tadpole is according to all 
appearance occaſioned by the irritation of the heart, 
from the impulſe of the ſeed —— 163 

CLIV. Properties of the ſeed of frogs and toads, which 
do not prevent its ſtimulating the heart 165 

. Quantity of feed ſufficient to fecundate a tadpole, 
expreſſed in numbers —4 166 

SLV I. Illuſtration by examples 168 

CLVII. The quantity, when leſſened, is incapable of ef- 
fecting fecundation. Reaſon to believe that the quan- 
tity which produces fecundation, is always orgs <4 


CLVII . 


EN N 


CLVIII. Whether this holds in other animals, We have 
not data ſufficient to ſolye the queſtion with certainty, 
how to procure them —ͤ— 171 

CLIX. The feed of frogs and toads is probably not a nu- 
tritious liquor, it is a true ſtimulus — 175 

CLX. Whether the ſeed of other animals alſo retains its 
qualities for ſome time — 176 


VVV 


WHETHER FECUNDATION IS AN EFFECT OF THE 

+ AURA SEMINALIS, WHETHER OTHER LIQUORS ARE 
CAPABLE OF PRODUCING FECUNDATION, TRIALS 
TO PROCURE ARTIFICIAL MALES IN TAE AMPHI- 

. BIOUS ANIMALS IN QUESTION, ARTIFICIAL FE= 
CUNDATION OF THE SILK-WORM. ATTEMPT 70 
IMPREGNATE A BITCH ARTIFICIALLY, 


8 It is yet doubtful whether fecundation i is produced 
the aura ſpermatica, or the groſs part of the ſeed 177 
CL II. Tadpoles immerſed in the aura ſpermatica alone, 
and yet not animated — 179 
CLXIII, CLXIV, CLXV, Clear confirmation of this, 
and concluſion that the groſs and viſible part only of 
the ſeed is capable of fecundating tadpoles 180, 181 
CLXVI. This is alſo true of the juice of the teſticles, 
In other animals, and in man, the aura ſeminalis is pro- 
bably inefficacious — — 183 
CLXVII. The part of the ſeed that occaſions fecunda- 
tion, is not a ſpirituous or very volatile liquor, as ny 
have ſuppoſed — — — 184 
CLXVIII. Electrical fluid accelerates the growth of fe- 


cundated tadpoles, but is incapable of animating unim- 


nated Ones — — 18 3 
CLXIX, , CLXX, Nor any other liquors different from 
ſeed ——— — 1879—18 


CLXXI. Seed of the water-newt incapable of fecundat- 
ing the embryos of frogs and toads, and reciprocally, 
Nor can the ſeed of frogs fecundate the young of toads, 
and reciprocally. Toads never copulate with frogs ib, 

CLXXII. Eggs of the moths W 4 the ſilk- worm, 


tificially fecundated 
— cLxxill 
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CLXXIII. Artificial fecundation of a bitch — 195 
— CEXXIV. Small quantity of ſeed ſufficient for the pur. 
poſe. Highly probable that the quantity of ſeed which 
occaſions tecundation in other animals, is exceedingly 


minute 45 — U — 197 


DISSERTATION UI. 


CHA 4 


GENERATION OF THE PLANTS DENOMINATED BY 
LINNZAUS, SPARTIUM JUNCEUM, VICIA FABA, PI- 
SUM SATIVUM, DOLICHOS UNGUICULATUS. 


I. The ovarium of plants, choſen by the author as the 
principal object of his. reſearches, and propoſed to. be 
examined at three periods 249 

II. Seeds of the ſpartium junceum exift long before fe- 

cCundation, though the plantule and lobes do not ap- 

ear — — 25 

III. Neither do they appear in ee about to be fecun- 
dated, or at the time they are fecundated  — 252 

IV. A cavity begins to form in the ſeeds, ſome time af- 
ter the falling of the flowers, and in this appears a lit- 

tile body, at firſt ſhapeleſs, but afterwards known to be 
the plantule and lobes. Attachment of this body to 
the ſeeds. Further evolution of them, the Fant => 

lobes 

V. Conſequences from theſe experiments, Which ſhew 
that the integuments of the feeds appear before fecun- 
dation, but the plantule lobes not till afterwards 254 

VI. The ſeeds alſo of bears exiſt in the ovarium before 
fecundation. Cavity is formed afterwards. Appear- 
ance and evolution of the plantule and lobes, mucila- 

ginous filament which connects the ſeeds and W 


— 2 


VII. The ſame pPhænomena obſerved in peaſe and bes 


5 beans 


CHAP, 


ny Colt A. +Þ;. 230 
;F [ ; 
GENERATION OF THE RAPHANUS SATIVUS, CICER 
ARIETINUM, IXIA CHINENSIS, DELPHINIUM con- 
80LI DA, CUCURBITA PEPO, CUCUMIS SATIVUS. 
EXAMINATION OF THE POWDER OF THE STAMINA, 


VIII, IX. Radiſh and chick peaſe agree with the fore- 
going plants. More points of connection between the 
_ - ſeeds and plantule | | 258 
X. Exiſtence of the ſeeds of the [xia Chinenſis before fe- 
cundation. A cavity begins to form in the ſeeds about 
the time of fecundation, full of a liquor which is gra- 
dually inſpiſſated, and at length becomes hard, without 
ſhewing any appearance of plantule and lobes. The 
enquiry left unfiniſhed, for want of ripe ſeeds 259 
XI. Appearances nearly reſembling thoſe of the Ixia 
Chbinenſis, in the Delphinium conſolida, with this phæno- 
mena beſides, that the plantule and lobes are diſcerned 
in the condenſed liquor of the ſeeds. Strong ſuſpicion 
that this is the caſe in the Ixia, as is afterwards veri- 
fied in ripe ſeeds — 260 
XII. Seeds of the common pumpion appear in the fruit 
long before the female bloſſoms are expanded. Ana- 
lyſis of theſe ſeeds, whence it might be ſuppoſed that 
the plantule and lobes appear before fecundation. Ana- 

- lyſis of ſeeds further advanced; whence it appears, that 
the lobes and plantule are not viſible in a month after 
the withering of the flowers. Mucilaginous, and ap- 
- parently organized body, inſerted by one end into the 
plantule, and by other into the plantule — 261 
XIII. The ſame phænomena in the ſeeds of the cucum- 
ber. All the other plants, which the author had an 
opportunity of examining, alſo ſhew that the ſeeds ap- 
pear before fecundation, and the lobes and plantule af- 
terwards. Theſe reſults correſpond with Duhamel's 
obſervation. Reaſons for ſuppoſing this to be a law of 
Nature 264 
XIV. The non- appearance of the plantule in ſeeds be- 
fore fecundation, ſeems a plauſible argument, that the 
plantule paſſes from the pollen to the ſeed. Motives 
ſor diſtruſting this argument — 5 5 


23 
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XV. Upon examining the component parts of the fe- 
cundating duſt, there ſeems no reaſon to think, that 
the embryos are concealed within. Means imagined 
by the author to remove all doubt — 267 
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GENERATION OF SOME HERMAPHRODITE AND Mo- 
NOICOUS PLANTS, ON WHICH THE POLLEN NEVER 
ACTED. | 


XVI. Lopping off the antheræ, when the bloſſoms of 
ſweet baſil are about to open, and preventing the ac- 
ceſs of the pw of other individuals, do not hinder 
an individual from producing the fame kind of ſeeds 
as are produced by others, not deprived of their an- 
theræ | | — — 270 

XVIII. Reaſons for ſuſpecting, that the pollen acts as a 
fecundating principle ſome time before the opening of 
the flowers, Verification of this ſuſpicion — ib. 

XIX. The total want of pollen produces the ſame effects 
upon the ſezds of the Hibiſcus, Syriacus, It is not, 
therefore, the pollen which conyeys the embryos into 
the ſeeds of theſe two plants — 272 

XX, XXI, Seeds of the pumpion, with ſnhield- form 
fruit, independently of the action of the pollen, pro- 
duce a plantule and lobes; and, when ſown, other fer- 
tile ſeeds — — 275-277 

XXII. As alſo happens in the ſeeds of the citron- pump- 

kin, though the acceſs of the external air was prevented 


bn v 


GENERATION OF CERTAIN PLANTS PRODUCING MALE 
AND FEMALE INDIVIDUALS, ON WHICH THE FE= 
CUNDATING DUST WAS PREVENTED FROM EXERT= 
ING ITS INFLUENCE, | i 


XXIII. Suſpicions that the pollen of male hemp plants 
is not neceſſary to the fecundation of female individuals 


XXIV. 
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XXIV. Other ſuſpicions fill ſtronger — 283 
XXV. Experiments of à French anonymous writer 284 
XXVI, XXVII, XXVIII. Experiments on confined fe- 
male plants of hemp 286—293 
XXIX. Perfect fructification of hemp, entirely indepen- 
ent of the action of the pollen — 294 
XXX. Inſulated female ſpinaches produce fertile Pe 
_— 290 
| XXXI, XXXII. een to the ſame tendency — 
298 
XXXIII. Experiments of different rendency v with Aer | 
plants of mercury 299 
XXXIV. Approximation of the male rides tends 
- to fecundate the ſeeds — 301 
XXXV. A nearer CT een Feen more fertile 
ſeeds _ 2 
XXXVI. Experiment inverted — — ib. 
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| RECAPITULATION. | REFLECTIONS. 


| xxxvn. The conſequences of theſe facts are, firſt, . 
the embryo does not at all depend for its exiſtence up- 
on the powder of the ſtamina; therefore, ſecondly, 
the embryo exiſts in the ovarium "independently of this 
powder; thirdly, nor is it the reſult of two principles, 
one depending on the pollen, and the other upon the 
iſtil, as others fuppole — — 304 

X XVIII. Whether the embryo is formed mechanically 
in the ovarium, or PR s there. Reply to ſome 
| ſeeming proofs of ſuch a formation; direct proofs, 
that though the embryo does not appear, it really 
' exiſts; and when its TY cannot be ſeen, it is 
really organized 306 
XXXIX. As the embryo is in in moſt caſes viſibly attached 
to the ſeeds, there is reaſon to ſuppoſe, that it always 
is, though the cdnnecting media are either too ſmall, 
or too tranſparent to be viſible. As the embryo and 
lobes thus form one whole with the ſeeds, and as the 
Vox. II. D'S ſeeds 


. Games vc the ihr en 


f 54 
b g 
| : : 
t 4 
i * 
. 
. 
* 
4 
\ 
I 
j 4 
4 =» 
} 
8 
o * 
. _ — 
ja 
[1 
: b 
= 1 . 
| 1 i 
oy f 


ſeeds exiſt before fecundation, it is highly probable that 
the embryo pre- exiſts likewiſe — 316 
XI. The ſame conſequence. deduced by Mr. Bonnet 


from a ſimilar -obſervation, We cannot, notwith- 
ſtanding, hope to diſcern the embryo before the open- 


ing of the bloſioms — — 312 
XLI. This pre-exiitence, which has been ſhewn in ſome 
plants, probably taxes place in all - — 


* 
XLII. The phenomena of baſil, and eſpecially. thoſe of 


mercury, prove the necellicy of pollen to the fecunda- 
tion of theſe plants. A phenomenon of the ſame kind 
obſerved formerly on a female turpentine- tree 


| 3 
XLIII. A palm artificialiy fecundated by Mr. Glediſtick⸗ 


The author's wiſh, that experiments of the ſame ſort 
were made on mercury: and that that part of the pol- 
len, which occaſions fecundation, ſhould be determined 


XLIV. And that Mr, Adanſon? S opinion, that the 307 
minute particle of duſt is ſufficient for fecundation, 
ſhould be brought to the teſt of experiment - 109 

XLV. And that it ſhould be tried upon mercury whether, 
as in Mr. Gleditich's experiment, dry pollen will an- 
ſwer the purpoſe, and how long it retains its virtue, 
Reaſons for ſuppoſing that this virtue does not laſt 
long, eſpecially where the pollen is EXPO to the in- 
jurie> of the atmoſphere — 3 

XLVI. And to inquire, how the pollen N into the 

_ovarium; and, at the ſame time, to try the validity of 
an hypothelis of Mr. Adanſon, and likewiſe to deter- 
mine, whether the piſtils of mercury, and ſome other 
plants, are imperforated, as he pretendss — 322 

XLVII. The non- appearance of ducts in certain 
plants, is not a clear proof of their non-exiſtcnce. 
How. they may he ſcen at ſome fcaſons, and not at 
others. tnfſtances in the oviducts of certain 3 


At what ſeaſon they ſhould be ſought ſor 324 
XLVIII. To attempt artificial ſecundation on the leaves 
and roots, &c. of mercury — 


XLIX. If mercury ad bai} require pollen for wel e 
cundation, the two ſpecies of pumpion, hemp, and ſpi- 
nach, are contrary inſtances. The ſmallneſs and 
paucity of fertile ſeeds of hemp, procured in à cloſe 

apartment, 


1 


apartment, do not depend on the abſence of pollen. 
General conſequence, that if many plants require the 
action of pollen for fecundation, others do not 32 
L, LI, LII, LIII. Reply to objections that may be 1 
Defective mode of reafoning, hitherto employed to 
maintain the diſtinction of ſexes _ 330—335 
ILIV. This defect common among ſyſtematic writers. 
— Different ways in which an adherent of ſyſtem, and 
an obſerver, examine Nature | 336 
LV. Some plants requiring pollen, and others, not, is 
perfectly conformable to what we every day obſerve in 
animals — — — 3 
LVI. Highly improbable, that the fertile ſeeds obtained 
by the author, ſhould be the product of antecedent fe- 
cundation. Conſiderations in, proof of this 338 
LVII. Though it is proved, that the pollen does not ef- 
fe the fecundation of the above-mentioned plants, 
the author does not altogether deny the poſſibility of 
ſome ſort of fecundation; perhaps the piſtil has a 
fecundating principle. Reaſons for this conjecture. 
Exhortation to botaniſts. | — 340 
LVIII. Herbaceous plants are a claſs of organized beings, 
which deſerve to be better known to Naturaliſts, for 
little more is known of them, than the bare nomen- 
clature. How much a ſpirit of obſervation and expe- 
riment is to be preferred to the knack of nomencla- 
ture, if we with to increaſe the ſtores of uſeful know= 


ease | —— 342 


THE END, 
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Page 9. Neither fecundation or impregnation of the 
egg, takes place in any living body in Nature without the 
body of the female. 7 | 

Page 46. All things were created good. 

Page go. The male frog, firmly ſeated on the female, 
waits for diſcharge of the eggs; he then emits his em 
bryos, ſuch as I obſerved them; they attach themſelves 
to the eggs, and feed upon them for a few days, till they 
are capable of taking coarſex food, Theſe embryos re- 
tain the figure which they had in the veſicle of the male 
for about a month; they then change their ſhape like ſilk- 
worms. Their hind feet are next developed and ſepa- 
rated; the kind feet were at firſt united, and formed the 
tail of the tadpole, : | | | 

Page 92, I. 15. He advances as ſerious truths, tales 
equally ridiculous with thoſe told by old women, as they 
ſpin by the fire-ſide. | 

Ib. I. 25. I will therefore venture to aſſert, not only 
that Gautier had made little proficiency in the anatomy 
of the frog, but that he was ſcarce acquainted with the 
external form of this animal. | 

Ib. I. 34. Were it poſſible that Gautier ſhould relate 
his diſcoveries to Pythagoras, I firmly believe, that he 
would enjoin him filence, not for two or for five years, but 
for ever. | | 

Page 98. As often as the female diſcharges any eggs, 
the male bedews them with ſ ed, as I have repcatedly ob- 
ſerved at my houſe, with ſome admiration. 

Page 104. I refign this Dr. Pirri to you. He is in 
good hands, and you will be ſufficiently able to defend 
the good cauſe of Nature. It is always a mark of te- 
merity to attack experiments by reaſoning. 


Page 


* 


TRANSLATION, Kc. 


Page 105. Laſtly, we have a demonſtration, which 
directly proves the exiſtence of the young in the female, 
at leaſt in birds. For the inteſtine of the young bird is a 
continuation of the membrane of the yolk, and the in- 
ternal coat of the inteſtine is a continuation of the epi- 
dermis, the external of the ſkin: in ſhort, it is the ſame 
as the membrane of the yolk. | 

Page 199. Nature, when I have been. contemplating ' 
her, has often perſuaded me to ſuppoſe nothing incredible 
which relates to her. | 

Page 331. Should the hemp, producing male flowers, 
be pulled before the ſeminiferous individuals have opened 
their piſtiliferous flowers, there will either be no crop of 
ſeeds, or only a 2 ſmall one. 3 
Page 337. We diſtinguiſh the obſerver from the ad- 
herent of ſyſtem. The latter builds whole ſyſtems upon 
a certain number of ſpecies: he concludes from parti- 
culars to generals, that is, he affigns to all plants the 
ſame properties as are poſſeſſed by thoſe upon which 
experiments have been made. The obſerver rejects all 
theories, and relies on obſervation and experiment alone. 
The perfection of botany eſſentially depends on the know- 
ledge of individuals related to each other, and their cha- 
racteriftics. This knowledge will be acquired in propor- 
tion as the numbers of obſervers, which is very incon- 
ſiderable, ſhall increaſe, and the croud of ſyſtem-makers 
ſha!l be leſſened. Syſtems of botany become obſolete in 
time, becauſe they are not chiefly founded on Nature and 
experiment. | | > 
Page 344. He was of epinion, that Natural Hiſtory 
does not conſiſt in a catalogue of animals, plants, and 
foſſils, but in the knowledge of their qualities. He 
therefore taught their ſtructure, analyſis, properties and 
uſe, without neglecting, however, ſuch marks as ma 
enable us to arrange them in an index. Thoſe who com- 
mit to memory nothing but ſuch indexes, or are dexterous 
in turning them over, in vain perſuade themſelves, that 
they are in poſſeſſion of the book of Nature. | 
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P. 6. for ix, read in—P. 7. for fetuſſes, read fetuſes P. 8. for frog's ſecd, 
read frog's ſpazon—P. 14. I. 6. and elſewhere, for amnios read amnion—P. 
17. I. 3. for theſe read the—P. 19 l. 20. for is read be—P. 80. I. 1. for they 
are not, read that they are—P. 97. |. laſt, for on read in—P. 108. 1. 33. 
after not inſert ſo—-P. 160. for had no concern, it ſeems better to read were 
not preſent——P. 184. for converted, read condenſed—P. 319. 1. 25. for vas, 
read wwereP. 322. for one read a—P. 337. for immertality, read perpetuity 

N. B. In a Paſſage, which the Tranſlator cannot now find, for impreg- 


nated, read unimpregnated. The Context will eaſily enable the Reader to 


make this Correction in the proper Place. | | 
There are alſo a few Improprietles in the Punctuation, which the Reader 
1s alſo defired to correct. 0 | 
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